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SECTION  i 

INTRODUCTION  AND  SUMMARY 


This  study  describes  the  design  of  an  experimental  program  to  define 
the  radiance  chararteristics  of  the  upper  atmosphere  using  probes  An  atmos 
phene  model  was  developed  prior  to  this  study  to  permit  structuring  of  the 
experiment  around  the  problem  areas  and  limitation  of  the  experimental 
parameters.  Hard  data  regarding  the  constituent  distribution  and  photo¬ 
chemistry  of  the  upper  atmosphere  is  limited,  and  it  was  recogni?ed  initially 
in  the  design  of  this  experiment  that  the  actual  data-gathering  process  should 
be  iterative;  i.e.  ,  data  from  early  flights  should  be  used  to  restructure  the 
remaining  experiment.  To  obtain  a  reasonable  cost  estimate  for  the  pro¬ 
gram,  a  complete  program  has  been  defined,  assuming  that  no  major  change 
occurs. 

During  the  study,  two  major  areas  for  tradeoff  were  encountered.  F’irst, 
probes  are  not  well-suited  for  the  definition  of  large-scale  geographical 
phenomena  and  events  with  a  time  scale  of  the  order  of  days,  which  at  least 
a  portion  of  the  model  indicates  as  the  scale  of  the  radiance  map  and  its 
changes.  A  complete  experiment  would  neces.sarily  involve  the  use  of 
satellites  to  define  the  geographical  and  midterm  temporal  variations  of  the 
radiance.  The  following  program  attempts  to  define,  within  reasonable 
limits,  a  prolie  program  to  provide  at  least  the  first  approximation  to  the 
temporal -geographical  radiance  map 

The  second  area  of  tradeoff  is  in  the  spectral  definition  of  the  instru¬ 
ment.  An  experiment  designed  solely  to  obtain  information  relative  to  the 
photochemical  status  of  the  upper  atmosphere  would  be  designed  around  a 
high-resolution  spectrome'er  with  limited  amplitude  accuracy,  since  line 
shape  bv  itself  is  highlv  informative,  and  absolute  amplitude  is  not  of  funda¬ 
mental  importance.  At  the  sensitivitv  levels  for  a  meaningful  experiment, 
high  spectral  resolution  can  only  be  obtained  by  degrading  spatial  resolution 
an  order  of  magnitude  or  more  below  that  of  an  operational  instrument.  Con¬ 
versely.  an  experiment  designed  solely  to  fu'-nish  information  for  an  opera¬ 
tional  system,  with  a  well-understood  photochemical  model,  would  be  de¬ 
signed  around  a  broadband  window  filter  radiometer,  with  absolute  ampli¬ 
tude  in  the  window  being  the  prime  objective.  Spatial  resolution  would  be  of 
the  order  o.‘  an  operational  instrument.  The  experiment  described  below  is 
a  compromise,  weighted  toward  operational  system  considerations.  High- 
re.solution  spectral  knowledge  of  the  window-region  absolute  radiance  is 
considered  to  be  the  key  information  required,  particularly  in  the  wings  of 
the  windows. 

This  information  will  permit  identification  of  minoi  species  within  the 
window^  region  and  allow  for  design  of  fillers  to  optimize  performance  while 
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operating  near  strong  emission  bands.  Broadband  measurement  of  the  emis- 
s'on  bands  is  used  to  provide  information  to  identify  broadly  the  emission 
phenomena  and  permit  extension  of  the  data  through  an  atmospheric  radiance 
model  to  times  and  locations  other  than  those  measured.  Since  the  operational 
system  will  not  operate  in  the  emission  bands,  this  is  considered  a  secondary 
measurement. 

Because  of  the  orientation  toward  gathei  ing  data  of  direct  utility  to  opera¬ 
tional  system  design,  an  initial  decision  was  made  to  reproduce  the  viewing 
geometry  of  an  operational  satellite  system  insofar  as  possible  with  available 
probes.  This  decision  is  partly  based  on  data  reported  by  the  USSR  which 
indicates  that  there  are  layered  phenomena  in  the  upper  atmosphere  The 
difference  in  signal  between  viewing  through  a  layer,  as  in  an  upward -directed 
instrument,  and  viewing  along  a  layer  can  be  two  or  more  orders  of  magnitude, 
dependent  on  the  thicknes.s  of  the  layer.  The  maximum  altitude  of  the  USSR 
data  are  500  km  with  most  of  the  data  in  the  200-  to  300-km  range.  The  probe 
altitudes  were  then  required  to  be  in  the  lower  range,  with  a  goal  of  reaching 
altitudes  on  the  order  of  500  km. 


1,1  SY.STf:M  REQl'IRF.MKNTS 

Sampling  requirements  have  been  derived  from  low'cr  atmospheric  models, 
in  pari  because  the  available  upper  atmosphere  model.s  show  no  geographical 
variation  due  to  lack  of  data  and,  in  part,  because  the  estimated  target  and 
background  emissions  in  the  window  regions  show-  feasible  detection  altitudes 
in  the  lower  atmosphere. 

CfOOgraphical  sampling  requirement.^  were  obtained  using  the  assumption 
that  variations  in  the  atmospheric  emission  are  random  phenomena.  It  was 
assumed  that  the  purpose  of  the  experiment  was  to  develop  the  distribution  of 
radiance  as  a  function  of  tangent  height.  Using  a  single  tangent  height  (60 
km)  for  simplicity  and  obtaining  the  radiance  at  this  tangent  height  from  an 
analytical  model  with  limiting  condition  inputs,  a  sample  of  the  distribution 
of  radiance  was  obtained.  To  obtain  an  estimate  of  the  required  number  of 
samples  to  fix  the  distribution,  a  chi-square  distribution  wras  used  to  define 
the  error  and  confidence  limits  for  the  estimate  of  the  variance,  and  a 
Student's  t  distribution  to  define  the  er  n  estimating  the  confidence  limits 
of  the  mean  as  a  function  of  the  number  ui  samples.  For  the  empirical  distri¬ 
bution  used,  it  was  found  that  the  required  number  of  samples  was  several 
hundred  to  yield  estimation  errors  of  the  order  of  10<  of  the  estimated  radi¬ 
ance  variance  and  mean. 

Correlation  distances  were  estimated  from  1.5-micron  COj  data,  Arctic 
temperature  data  and  ozone  distribution.  Correlation  distances  in  terms  of 
gradient  structure  of  the  order  of  800  km  were  obtained. 
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A  strong  diurnal  variation  is  anticipated  for  the  nitric  oxide,  ozone  and 
10.4 -micron  carbon  dioxide  emission  bands.  A  requirement  was  established 
for  measurement  under  full  sunlit  conditions.  A  minimum  of  two  samples  and 
preferably  four  is  required  to  define  the  expected  diurnnl  variation.  Long¬ 
term  temporal  sampling  requirements  were  obtained  from  the  correlation  of 
ozone  distribution.s.  Correlation  times  are  of  the  ord'  ’’  of  three  months 

Resolution  requirements  were  derived  from  the  operational  use  of  the 
data.  A  requirement  for  2 -km  vertical  resolution  and  up  to  10-km  b  -rizontal 
resolution  was  derived. 


1.2  INSTRUMKNT  REgriRKMP:NTS 

Amplitude  accuracy  requirements  were  obtained  from  the  sensitinty  of 
detection  sy.stem  false-alarm  rate  to  background  amplitude  error.  Allowable 
errors  are  approximately  10^. 

.Spectral  requi rements  are  defined  from  two  considerations,  ripst.  since 
the  data  set  will  lie  limited,  it  will  not  be  sufficient  to  define  completely  the 
radiance  distribution  without  extrapolation,  and  .some  form  of  model  of  atmos¬ 
pheric  cnn.stitiient.s  and  reactions  will  be  required  to  perform  this  extrapolation 
A  mea.surement  of  the  amplitude  of  the  antic  ipated  reac  tions  is  required.  It 
has  been  assumed  that  the  .available  model  of  the  m.ajor  emission  bands  is 
spectrally  accurate,  but.  berau.'ce  of  unknown  constituent  di.stribulions.  il 
may  be  significantly  in  error  in  amplitude.  A  measuremenl  of  the  emission 
band  amplitude  is  then  sufficient  to  establish  constituent  distribution.  The 
spectral  measurement  in  emission  b,ands  .are  thus  specified  to  rover  the  cal¬ 
culated  bandsproad.  'Second,  it  is  a  primary  goal  of  these  measurements  to 
define  the  radiance  in  the  window  region.  Three  broadband  window  measure¬ 
ments  are  specified.  In  addition,  it  is  necessary  to  know  in  detail  the  struc¬ 
ture  of  the  window  bands,  particularly  in  the  wings  near  the  high-amplitude 
emission  bands.  A  narrowband  measurement  across  the  window’s  is  specified. 

One  of  the  major  outputs  of  th’s  experiment  is  the  minimum  altitude  to 
which  a  target  can  he  viewed.  Preliminary  calculations  using  the  earth  limb 
model  indicate  that  nominal  targets  can  be  viewed  as  low-  as  1  deg  from  the 
earth.  The  earth  emits  strongly  in  the  regions  of  interest,  and  radiation 
from  the  earth  is  a  source  of  interference,  first  a.s  a  direct  addition  to  the 
d-c  background  flux,  thus  causing  an  error  in  the  absolute  amplitude  measure¬ 
ment  and  second  as  a  noise  source,  photon  flux  noise  causing  errors  even  in 
gradient  measurements.  An  analysis  of  the  stray  light  problem  yields  a  re¬ 
quirement  for  approximately  rejection  at  1  to  2  deg  off-axis  Diffraction 
effects  were  analyzed  and  it  was  determined  that  the  diffracted  image  must  be 
reduced  three  orders  of  magnitude  at  1  deg  off  axis  to  obtain  a  valid  measure¬ 
ment  of  atmospheric  radiance. 
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At  the  sensitivity  levels  of  interest  for  this  experiment,  a  cooled  radiom¬ 
eter  is  required.  An  analysis  has  been  made  of  the  cooling  requirements,  and 
a  worst -case  lower  limit  of  approximately  SO*"  K  w'as  derived,  w’ith  allowances 
for  gradients  along  the  telescope  barrel. 


1.3  INSTRUMKNT  DESIGN 

The  instrument  derived  from  the  above  requirements  is  show'n  in  F'igure 
1.  This  is  an  all-reflective  system,  using  a  Heschelian  primary  and  para¬ 
bolic  relay  system  to  provide  two  focal  surfaces  for  stray  radiation  blocking. 
A  conical  blackbody  image  trap  is  used  in  the  first  focal  surface  to  eliminate 
scattering  from  the  focussed  eartii  image.  Low-scattering  (less  than  one 
part  in  10*^  referenced  to  the  input  energy)  surfaces  are  specified  for  the 
primary  to  reduce  off-axis  energy  impinging  on  the  primary  and  scattered 
through  the  field  stop.  'Die  field  stop  is  used  as  a  pinhole  lens  in  a  reflective 
analog  of  the  Lyot  lens  used  in  solar  coronagraphs  Slops  are  placed  in  the 
relay  system  to  absorb  diff-acted  energy 


Spectral  resolution  i.s  obtained  with  a  combination  of  a  grating  spectrom 
eter  and  superimpo.^^ed  sjiectral  filters  The  detectors  are  mercury-doped 
cadmium  telluridc,  operating  at  12  to  20  K 


1.4  SYSTEM  DESIGN 

The  Black  Brant  VB  was  selected  a.'^  the  launch  vehicle.  This  rocket  will 
reach  200-  to  2.50-km  altitudes  with  the  design  payload  weight  and  can  be 
tower-launched  from  essentiallv  any  test  range.  An  air-snatch  recovery 
system  was  selected  to  reduce  loads  on  the  payload.  An  alternate  .system  to 
obtain  high-altitude  data  uses  a  \ike-boosled  Black  Brant  VB  which  also  pro¬ 
vides  an  additional  25  to  30  ^increase  in  total  measurement  time. 

A  primary  flight  program  involving  ten  launches  over  the  range  of  condi¬ 
tions  (arctic  winter,  arctic  summer  day.  night  temperate  and  tropic)  was 
designed  to  yield  data  over  the  full  range  of  expected  data  variations.  Secon¬ 
dary  flight  programs  were  designed  using  three  probes  to  investigate  the 
arctic  data. 

To  obtain  radiance  profiles  with  an  altitude  accuracy  consistent  with  the 
amplitude  accuracy  requirements  using  an  experiment  probe  which  could  be 
launched  without  regard  to  the  local  sun  time,  an  electrostatically. suspended 
gyro  system  is  used  as  a  combination  attitude  determination-attitude  control 
reference  system.  A  cold -gas  helium  control  system  is  included  for  vehicle 
control  purposes.  Standard  telemetry  systems  are  used  to  transmit  and 
record  data. 
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1  ■  5  OGRAM  PLAN  AND  COSTING 

't  highly  »>«*  launch., 

at  least  to  the  point  of  obtainin'^  a  near  mirirtnv  ^  s^napled  during  these  launches 
available  off-the-shelf  attifuH,  sample  As  noted  earlier, 

curacy  are  generally  constrained  to^r^pht  systems  for  minute-of-arc-ac- 
of  the  ESG  System  outirned  e'dfer  The  cost 

gram.  An  alternate  procedure  vihirh  la  ^  ^  "  minimum-cost  pro- 

cange  of  5  to  10  km  irt^e  use  of  ^he  i  tangent -neight  errors  in  thi^ 

a  *angent  height  and  integration  oA  r^^te  »'egion  to  define 

of  the  curve.  Techniques  of  this:  miu  Sy**®  output  .o  obtain  the  remainder 
and  at  Honeywell  A  I  error  ^  investigated  by  NASA  (LRC) 

CO2  profile  is  given  in  s'-‘tion  2  5  associated  with  the  15  micron 


uncu^reo 


SECRET 


SECTION  2 

INSTRUMENT  REQUIREMENTS 


\S)  Instrument  requirements  have  been  derived  from  the  overall  mission 
objectives  of  the  Limb  Measurement  Program  which  are  summarized  below; 

•  Provide  Data  for  Operational  Sensor  Design  - 

(1)  Determine  minimum  tangent  height  for  successful  target 
detection 

{2)  Identify  optimum  spectral  region/ s  for  maximum  signal-to- 
noise  ratio 

(3)  Measure  temporal  and  spatial  noir,e  characteristics  of  back¬ 
ground. 

•  Measure  Absolute  Radiance  of  Atmosphere  - 


(1)  Under  limb  viewing  conditions  witii  optical  field  positioned 
over  the  earth's  horizon 

(2)  For  a  ra'  ge  of  minimum  tangent  heights  from  0  to  500  km 

(3)  In  the  lAVIR  spectrum  from  4.  5  to  25  microns. 

(S)  The  primary  objectives  of  the  total  data  reduction  process  are:  (1)  to  pro¬ 
vide  a  sample  of  LWIR  limb  radiance  for  early  assessment  of  background 
interference  in  terms  of  the  R/V  an  l  FOB  detection  problem  and  (2)  to  provide 
early  inputs  to  ether  measurement  prograi  i.  so  as  to  aid  in  establishing  instru¬ 
ment  requirements. 

fS)  F’or  purposes  of  defining  instrument  requirement"  herein,  a  reference  tar¬ 
get  ha?  been  assumed  with  the  following  characteristics: 

•  Temperature  -  30C’K 

2 

•  Emissivity  x  area  -  1  m^ 

•  Range  -  1000  nm 

•  Radiant  intensity  -  120  watts/ ster  (b  to  25  microns) 

(U)  Key  instrument  requirements  are  briefly  summarized  in  Table  1.  A 
multiple  high/ low  resolution  requirement  satisfied  the  dual  objective  of  high 
spatial  resolution  for  measurement  of  noise  (gradient)  characterist’os  and  high 
speetral  resolution  for  location  of  band  edges. 
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(S)  Table  1.  Instrument  Requirements  Summary  (U) 


Parameter 

Requirement 

Form  of  data 

Absolute  radiance  profile  versus  altitude 

Wavelength 

4.  5  to  25  microns.  10  absorption  bands, 

3  window  regions 

Sensitivity  NEFD 

3  X  10"^®  to  3.  5  X  10"^^  watt/cm^’*' 

NER 

3  X  10"  to  3,  5  X  10"^^  watt/cm^-ster’' 

Signal-to-noise  ratio 

10 

Resolution  Spatial 

s  4  km^ 

Angular 

s  10"®  ster  (IFOV) 

Spectral 

High  -  0.  1  micron;  low  -  0.  5  to  7.  0  r  dcrons 

Stray  flux  level  at  detector 

s  lo'  to  10®  photons/ sec-cm^ 

Off-axis  rejection 

s  3  X  10"  *  ^  between  1  to  2  deg 

Spectral  rejection 

s  10* '  at  0.  5  micron  from  pass  band 

Scan  rate 

0.6  deg/ sec  (vertical  profile) 

Dynamic  range 

5x10®  (max)  - 

Calibration  Accuracy 

Angular  (attitude  and 

1  arc  min 

boresignt) 

Amplitude  (radiance) 

10  percent 

Spectral 

0.01  to  0.  02  micron 

Output 

PCM,  e-bit  log  amplitude  code 

Size 

14-in.  diameter  x  32  in.  long 

Weight 

80  lbs 

■^Varies  with  wavelength. 
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(U)  Atmospheric  background  radiance  represents  the  signal  to  be  measured 
with  the  instrument  described  in  Section  4;  whereas,  in  terms  of  the  opera¬ 
tional  detection  system,  the  atmospheric  radiance  represents  a  source  of 
noise.  Atmospheric  background  can  contribute  noise  in  a  detection  sensor 
both  in  terms  of  a  random  arrival  of  photons  and  in  terms  of  spatial  gradients. 
A  high  spatial  resolution  measurement  requirement  of  4  km^  (projected  dimen¬ 
sions  on  horizon)  is  specified  to  be  consistent  with  the  higiiest  expected  resolu¬ 
tion  in  terms  of  trajectory-prediction  accuracy  and  detectivity  requirements 
imposed  on  the  detection  sensor.  In  this  case,  the  spectral  recolution  is 
"pocified  to  correspond  to  the  broad  spectral  features  of  the  atmospheric 
radiance  in  the  altitude  range  from  GO  km  to  11b  km  (see  section  2.4). 

(U)  A  high  spectral  resolution  of  0.  1  micron  is  specified  to  locate  the  atmos¬ 
pheric  window  regions  (higii  trarisnu:,si<jnl  between  absorption  bands.  High 
spectral  resolution  is  necessary  to  define  the  optimum  spectral  region(s) 
within  which  target  detecti<jn  is  {X)ssible  at  the  lowest  tangent  lieight.  In  this 
case,  the  spatial  resolution  can  degrade  in  tiie  iiorizontal  direction  to  accom¬ 
modate  the  loss  of  energy  due  to  the  narrow  spectral  ha*''' vidth. 

(U)  The  attenuation  of  stray  radiation  on  the  detector  is  necessary  if  the  high 
sensitivity  levels  are  t()  I'e  acliicved.  Tins  is  a  critical  instrument  require¬ 
ment,  since  accurate  rneasuron'.onts  of  atmospiieric  radiance  must  be  made 
witii  the  field  of  view  fK)siti<)ned  close  t(  the  earth's  horizon.  Stray  radiation 
may  illuminate  tlio  detector  as  a  result  of  (1)  scattered  and  diffracted  earth 
radiation  and  (2)  internal  cavity  emission.  In  addition,  measurements  within 
atmospheric  window  regions  may  be  corrupted  by  radiation  from  ad.iacent, 
strong  absorption  bands.  Tiic  attenuation  requirements  are  specified  in  sec¬ 
tion  2.  2  (Table  2). 

(S)  The  attitude  determination  requirement  is  sp'jcified  at  1  km  and  refex'S 
to  the  accuracy  to  which  the  position  of  the  optical  axis  can  be  determined  with 
respect  to  the  eartli's  surface  at  the  local  horizon.  This  requirement  corres¬ 
ponds  to  an  angular  attitude  accuracy  at  the  vehicle  of  alxxut  1  arc  min  or 
greater.  Knowledge  of  the  optical  line  of  sight  at  all  times  to  this  accuracy 
is  critical  to  the  data  usefulness,  since  coverage  achieved  by  a  given  detection 
sensor  will  depend  to  a  large  extent  on  the  minimum  tangent  height  at  which 
background  radiance  prevents  successful  target  detection. 

(U)  Amplitude  accuracy  in  this  case  refers  to  the  ability  to  measure  absolute 
radiance  and  depends  on  ground  (preflight)  calibration  as  well  as  inflight  cali¬ 
bration  accuracy.  Radiance  measurement  accuracy  is  specified  at  10  percent 
of  any  given  level  and  represents  a  reasonable  goal  in  terms  of  the  present 
sensor  state  of  the  art.  Errors  in  background-radiance  measurements  reflect 
into  detection  system  requirements  most  critically  in  terms  of  the  ability  to 
predict  false-alarm  rates. 
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2.  1  VIEWING  GEOMETRY 

Typical  sensor  viewing  geometry  along  with  two  key  geometrical  parameter? 
are  given  in  Figure  2.  The  sensor  is  positioned  to  measure  the  earth’s  atmos¬ 
phere  over  the  horizon  within  the  instantaneous  field  of  view  (IFOV).  The  optical 
axis  is  caused  to  scan  by  means  of  vehicle  rotation  such  that  data  is  collected 
from  the  earth’s  surface  up  to  a  local  horizontal  position  (90  deg  from  zenith). 
Radiation  from  the  earth  can  be  a  significant  source  of  interference  due  to  dif¬ 
fraction  and  internal  scattering  when  the  IFOV  is  positioned  in  close  anijular 
proximity  to  the  horizon.  For  vehicle  altitudes  (h)  in  the  range  from  100  to 
300  km,  the  angle  to  the  earth's  surface  (a)  from  a  50- km  tangent  height  varies 
from  2.  5  deg  to  about  1.  5  deg.  This  angular  separation  is  used  to  develop  the 
off-axis  rejection  requirement  imposed  on  the  sensor  in  section  2,  3. 
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Figure  2.  Lim’-'  Measuremert  l*rogram  Viewing  Geometry 


The  lower  curve  in  Figure  2  represents  the  angular  tolerance  measured  at 
the  sensor  of  a  2-km  altitude  increment  on  the  horizon.  In  terms  of  optical 
resolution,  a  2-km  altitude  increment  corresponds  to  1.  7  to  1.  0  mr  in  the 
expected  vehicle  altitude  range.  This  optical  resolution  requirement  is  less 
than  the  diffracted  point  source  image  of  the  proposed  instrument  by  a  factor 
between  2  and  5  at  25  microns.  Attitude  determination  requirement  of  1  km 
IS  equivalent  to  one-half  the  IFOV  and  represents  an  angular  tolerance  of  the 
vehicle  of  0.  5  to  0.  4  mr  or  1.  7  to  1.4  arc  min. 

Additional  geometrical  viewing  parameters  of  interest  are  liiown  ir  Fig¬ 
ure  3.  Throughout  the  range  of  vehicle  altitudes,  it  is  seen  that  the  slant 
range  to  the  horizon  varies  from  1100  to  2000  km,  and  th'  total  vertical  angular 
coverage  is  10  deg  at  the  lower  altitudes  increasing  up  to  about  17  deg  at  apogee. 
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Figure  3.  I  imb  View  Geome’ry 
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2.  2  SENSITIVITY  REQUIREMENTS 

(S)  Radiometer  sensitivity  requirements  are  developed  in  this  section  and  are 
based  on  the  following  considerations: 

•  To  provide  meaningful  information,  the  noise  level  of  the 
instrument  sliould  be  such  that  the  noise  equivalent  flux 
densit>-  (NEED)  is  significantly  less  than  tlie  irradiance  from 
the  reference  target,  permitting  the  measurement  of  back¬ 
ground  flux  levels  below  that  of  the  target. 

•  Tlie  instrument  should  measure  the  absolute  radiance  of  the 
atmospliere  under  limi)  viewing  conditions. 

•  High/ low  spectral  resolution  should  Le  consistent  with  spectra) 
radiance  from  atmospheric  model: 

(1)  Low  -  separaticin  of  majc)!  atmospheric  constituents  and 
window  regions 

(  ')  lii'.'h  -  accurate  location  of  w:ive]ongtii  liirits  in  window 
regions, 

•  Nominal  signal-to-nf>isc  ratio  sliOuld  lx  10:1  to  maintain  ampli¬ 
tude  acciu'acv. 

2 

•  Spatial  resolution  should  be  4  km". 

(U)  A  summary  of  results  from  the  atmospheric  rriodel  which  arc  pertinent  to 
instrument  requirements  is  given  in  section  2.  Sensitivity'  requirements 
are  developed  both  in  terms  of  NEI'l-)  (noise  equivalent  flux  denrity)  and  NER 
(noise  equivalent  radiance)  for  15  spectral  regions  including  10  absorption 
bamis  and  3  atmospheric  window  regions.  The  NEl  requirements  are  listed 
for  each  spectral  region  in  Table  2.  Each  nonwindow  region  can  be  identified 
with  a  particular  radiating  species  with  the  eoception  of  the  7.  7- micron  region 
In  this  case,  the  CH4  and  NoO  bands  overlap  to  such  an  extent  that  they  cannot 
effectively  be  separated. 

(S)  The  NEED  requirements  were  determined  by  the  radiation  levels  of  the 
reference  target  in  each  region  by  the  following  equation: 


.T(X)dX 

w 


T 


NEED  = 


R  X  S/N 


(watt/ cm  ) 
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(S)  wfiere 

J(X)  =  target  spectral  radiant  intensity 
^  =  wavelength  limits  of  each  band 

R  =  range  ( 1000  nm) 

S/N  =  signal-to-noise  ratio  ( 10: 1 ) 

(U)  A  measureme'Tt  is  specified  in  tlie  4.  <“micron  band  of  carbon  monoxide 
(CO)  which  is  beyond  the  nominal  limit  of  the  atmospheric  model,  since  this 
band  may  explain  the  higfi  radiance  levels  observed  during  tlie  USSR  measure¬ 
ments. 

(S)  The  fiighest  sensitivity  levels  (Icvvest  NKFDs)  are  required  in  the  high- 
spcctral-resolution  channels  necessary  to  estahlisli  the  wavelength  limits  of 
the  three  window  regions, 

(U)  The  spatial  resolutiori  requirements,  i  (»upled  with  the  slant  range  at 
nominal  vehicle  altt^tudes.  leads  to  an  insbmtanetius  field-of-view  (IFOV) 
requirement  of  10"*’  steradian,  .\ssuming  the  Itackgreund  represents  an 
extended  source,  then  tha*  nfdse  t"qui‘>alenl  radiance  is  determined  by 

NKR  =  (watt/cm“-!!ter) 

where  T.  - 

(S)  Dividing  through  by  th.e  ■^fx'ctral  ban(ivvidlh  Icatis  to  the  spectral  NER 
requirement  for  each  region:  these  are  given  in  Tanlc  3.  The  equivalent 
radiance  level  corresponding  t  ■  the  reference  target  is  10  NER.  The  values 
of  target  equivalent  radiance  (TER)  for  each  band  have  been  referenced  to  a 
tangent  height  by  means  of  the  radiance/altitude  profiles  generated  from  the 
atmospheric  model.  Tangent  height  requirements  t’uus  developed  are  also 
given  in  Table  3.  The  tangent  heights  called  out  in  the  table  arc  to  be  taken 
as  approximate  since  the  upper  atmosphere  model  is  expected  to  be  in  error 
due  to  inaccurate  knowledge  of  constituent  distributions,  and,  in  several  cases, 
the  tangent-height  requirement  falls  within  the  transition  region  between  the 
lower-  and  upper-atmospheric  models.  Nevertheless,  these  tangent  heights 
will  be  used  to  specify  the  altitude  below  which  a  signal-to-noise  ratio  of  10  or 
better  must  be  achieved. 

(U)  The  tangent  height  is  significant  in  that  it  represents  the  upper  bound  in 
terms  of  angle  from  the  horizon  at  which  valid  measurements  must  be  made. 
The  smallest  angle  off-axis  is  about  1.  8  deg  for  the  8.  4-mic;ron  window.  The 
minimum  angle  off-axis  is  critical  in  *hat  earth  radiation  will  be  scattered 
and  diffracted  into  the  field  of  view  and  reduce  detectivity.  The  requirements 
to  reject  eartli  radiation  at  small  angles  off-axis  are  developed  io  fie  next 
subsection. 
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(S)  Table  3.  Noise  Equivalent  Radiance  (NER)  and  Tangent 
Height  Requirements  (U) 
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2.  3  STRAY  LIGHT  ATTENUATION  REQUIREMENTS 

To  achieve  the  measurement  goals  of  this  experiment,  it  is  necessary 
that  state-of-the-art  sensitivity  levels  be  aciiieved  in  the  instrument,  i.e. . 
signal-noise-limited  operation.  Since  the  noise  level  is  then  a  function  of 
incident  stray  radiation,  it  is  therefore  a  requirement  that  all  sources  of 
stray  radiation  be  reduced  such  that  the  noise  contribution  is  small  in  com¬ 
parison  to  the  signal  noise  for  the  worst  case.  This  requirement  is  particu¬ 
larly  critical  in  this  experiment  because  the  optical  field  of  view  must  be 
positioned  clo^^e  to  the  earth. 

Three  prim.  sources  of  stray  radiation  have  been  identified; 

•  Earth  radiation  scattered  by  the  primary  mirror 

•  Earth  radiation  diffracted  by  tlic  limiting  aperture 

•  Thermal  ennssion  from  <>ptical  cavity 

Earth  radiation  will  illuminate  the  primary  mirror  directly  from  the 
ed£;o  of  the  'ield  of  view  to  an  argle  defined  by  the  length/ diameter  (L/D) 
rati  '  of  tho  r.j.  cbafflc, 

lor  a  batCo  with  a  i  l./l)  corresfximling  t)  10  deg,  the  irradiance  at  the 
mirror  from  the  earth,  car  12  microns  is  shown  in  I’igr.ro  4,  This  irradiance 
level  asHume.s  the  earth  radiat**<;  as  a  hlai  kiK'dy  at  270‘K  and  that  the  atmos¬ 
phere  has  unity  transmiss vm.  .An  off-axis  angle  of  zero  represents  the 
earth's  hard  horizon.  This  radiation  will  illuminr  te  llic  primary  .mirror,  and 
a  portion  will  be  scattciv  1  into  tiie  field  stop.  Tiic  off-axis  attenuation  required 

to  reduce  tiiis  flux  level  to  the  XEI  i)  level  at  12  microns  is  also  shown  in  Fig¬ 

ure  4.  Thus,  within  ttic  first  deirr^e  of  tl  e  earth,  the  optics  must  attenuate 
by  10*^0,  {.'or  a  field  of  view  of  fO"-’  stcradian,  the  required  mirror  scattering 

coefficient  is  10“‘^/10"*’  =  10"'^.  Increased  .>ttenuatinn  is  required  for  larger 
angles  off-axis  since  the  earth  .subtends  a  larger  solid  angle. 

The  required  off-axis  attenuation  i«  a  function  of  wavelength  since  (1)  the 
NEFf)  level  varies,  and  (2)  the  effective  earth  temperature  is  less  within 
atmospheric  absorption  regions.  .'\.ssuming  the  earth  radiates  as  a  220°K  black- 
body  in  absorption  bands,  the  attenuation  required  within  the  first  degree  off- 
axis  is  shown  in  Figure  -5  for  the  various  measurement  channels.  The  7.4- 
micron  window  represents  the  limiting  case  with  a  rcqui;''ed  attenuation  factor 
of  3  X  10"  ‘ 

It  is  also  required  that  ti.e  optical  system  have  a  high  rejection  factor  with 
respect  to  earth  radiation  diffracted  at  the  aperture.  In  terms  of  diffracted 
energy,  preliminary  calculations  were  made  based  on  the  following  approximate 
equation: 


I(v)  = 


"  r  o 
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A'hert: 

I{v)  =  fraction  t)f  radiation  within  as'  compared  tt.'  nadir  view 

=  wavelengtli 

r  -  aperture  radii. ' 

a  =  angle  of  from  earth's  surface 

The  inttn.  ity  of  diffracted  energy  is  seen  to  dei  I'case  linearly  as  the 
angle  frrim  tne  horizon  increases.  Situ'c  the  atinospilieric  radiance  decreases 
exfxinentially,  the  effect  of  diffi*artio!i  is  t<  limit  tlie  altitude  at  wIt'''Ii  useful 
rneasureinerl  s  .-an  he  .'aa  ie. 

('sing  the  tangent  height"-  of  interest  for  eaidi  wavidength  region  and  an 
aperture  diameter  of  a.  0  in,,  tiie  performance  requirements  in  terms  of 
earth-diffracted  energy  wern-  ci)n:puted.  Tlie  require  i  atteniiation  is  cottiparcd 
to  the  attenuation  achieveii  hy  a  circular  aperture  in  l-'igure  (>,  It  is  clear  that 
a  circular  aperture*  of  this  ‘•  i/t-  will  not  meet  tiie  measurement  requirements 
of  this  experiment.  Tlie  largest  discrepancy  occurs  in  tlie  T.4-mieron  window 
and  amounts  to  i  factor  of  at»iut  T.  a  >;  lO'*,  Ti.e  impn  vement  factor  neces¬ 
sary  ir  10'^  or  larger  for  all  .vindow  reg''  ns  and  for  wavelengths  beyond  18 
inierotis.  Ti.a  use  of  coronograph  tei  Imicpics  to  achieve  this  improv  ement 
factor  is  discussed  in  Section  4. 

Radiation  emitted  fron,  ‘he  internal  housing  and  otiier  parts  of  the  optical 
cavity  will  contribute  to  tlie  total  plmton  flux  on  the  detector  depending  on  the 
temperature,  emirs ivity.  and  view  factor,  A  conservative  estimate  of  the 
cavity  contriluition  results  from  assutidng  the  dctectf)r  view  factor  to  the 
cavity  is  2-  storadiaris,  and  tiie  emissivity  is  unity,  rnrler  those  conditions, 
the  required  mavity  temperature  can  he  determined  from  I'igure  7.  A  tempera¬ 
ture  of  125  K  or  less  ensui'cs  tliat  cavity  noise  will  not  significantly  degrade 
sensitivity  even  at  longer  wavelengths.  Ti>  the  extent  that  the  detector  is  con¬ 
strained  to  view  only  mirror  sairfacrs,  the  cf,*"ective  c.ivity  ‘’missivity  will  lie 
less  than  unity.  The  actual  emissivity  will  depend  on  the  f/number  cone  angle 
and  the  mirror  diffuse  scattering  coefficient.  In  addition,  if  a  cold  (<10°K) 
stop  surrounds  the  detector,  then  tlie  solid  angle  of  view  will  be  less  than  2- 
steradians.  An  improvement  factor  on  tlie  oiaicr  of  500  to  1000  may  lie  achieved 
which  woiiR!  allow  an  external  cavity  temperature  as  high  as  30’K  to 

The  cCopner  must  also  be  cooled  to  ensure  a  zero  radiatior;  reference 
level.  The  clioppcr  will  contribute  photon  flux  to  the  detector  both  by  reflec¬ 
tions  of  internal  cavity  radiation  and  by  thernial  emission.  To  reduce  reflec¬ 
tions,  tlie  clioppcr  can  be  painted  black  to  vicld  a  reflectivity  on  the  order  of 
2.  5  X  10--.  For  a  cavity  temperature  of  2  5‘K,  the  flux  on  the  detector  from 
reflections  off  the  chopper  blade  win  dc  al  tut  10-^  photons/ sec-cm^.  Cooling 
the  chopper  to  '20'K  reduces  the  contribution  ftv-.m  thermal  emission  to  about 
5  X  10"^  photons/ sec -cm-  on  the  detector.  Fnder  these  conditions,  the  total 
flux  from  the  chopper  blailc  is  sufficiently  low  to  guarantee  a  zero  reference 
level. 

If' 
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Figure  6.  Attenuation  Requirements  -  Farth-Diffraoted  Fnergy 
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2.4  SPECTKAI.  ATrENUATIOX  RFX^UIROIEXTS 

(U)  This  requirement  is  related  to  resolution  and  specifically  concerns  the 
rejection  of  energy  outside  the  nominal  sp>?ctral  bandwddth  of  a  given  measure¬ 
ment  ciianiud.  Sufficient  attenuation  of  this  ”i>ut-of-band"  radiation  will  ensure 
measurement  accuracy  and  good  resolution  and  is  particularly  critical  where 
tiie  radiar.ue  spectra  is  structured  as  in  the  case  of  high-altitude  atniosplieric 
radiance  in  the  I.WIH. 

PJ)  The  atmospheric  radiance  spectra  generated  by  the  CICA  nK)del  atmosphere 
was  used  to  derive  spectral  attenuation  requirements.  The  maximum  attenua¬ 
tion  requirements  as  a  func  tion  (d  wavelength  deviation  from  nominal  cutoff 
(zero  wavfiength  interval)  are  siio  vr.  in  1  igure  8.  These  maximum  require¬ 
ments  result  from  the  sharp  hand  edge.s  ix-tweeii  atmcjspheric  window  regions 
and  adjaccTit  strong  aicsorptii'n  ijarrds  near  H.  ]  and  10.  8  microns.  The 

attenuation  fuiu  tion  shown  in  (  igure  8  is  sucli  that  ahsorption-liaiid  radiation 
will  contriljute  les-^  tluin  I'J  ^  t<>  tr.c  total  i:i-l)and  radiance  level  in  adjacent 
window  regions.  Cor  wavelengtli  increments  (l)eyoiid  nominal  cutoff),  hetvceen 
0.  5  i  and  1.0  rnu  ron.  an  attenuation  factor  equal  to  or  less  tlian  10"  ‘  is  suf¬ 
ficient,  In  addition,  heyi-n  !  i.  0-t:  u  ron  wavelength  separations,  an  attenua¬ 
tion  factor  of  10“^'  is  required. 


2.  »  \\(;Ci..\H  L!\i;-()|  -'^lOliT  ACC'l  HACV  HKgCjUKMKXTS 

(S)  Two  factors  ai'o  irvflojM'  i  in  trus  subsection  to  establish  angular,  linc-of- 
sight  accuracy  rcquii’er  enls  in  tci'ii'^’  of  .attitinii*  determination  and  borcsipht 
alignment- 

•  Tlie  in'fxact  of  Ime-of-sigtit  jr  sitmn  errors  on  satellite  syst  .ni 
cc'ver’ge  studies 

•  Tlic  Htie-{q -siglit  nrcurarv  -.viiu'!  corresjKmds  tfi  a  iOa  amplitude 
iccuracv  ti'.  n>ugi.  tlie  radiancc/nltitudc  profile 

(1  )  Thc'ic  two  factors  lead  to  divergent  angular  accuracy  requirements ;  and, 
for  atmospheric  measure mentc  near  TO  kn  tangent  (.eight,  tlicre  exists  a 
difference  in  requiren  ents  l\v  al^nut  a  factor  r  f  10.  An  rrcis  angul.ir  accuracy 
requirement  of  1  arc  min  ic  specified  for  this  lirrb  measurement  program  for 
ttic  following  reasons- 

•  It  is  compatible  with  existing  state  r  f  art  with  respect  to  attitude 
anti  horesight  measurement  systemis. 

•  A  pdentiai  exists  for  determnning  attitude  to  specified  accuracy 
witliout  tfie  use  of  inflight  celestial  sightings. 

•  It  provides  about  a  factor  of  4  more  accuracy  than  is  r-equired 
for  system  coverage  studies. 


22 


SECRET 


ATTEMUATION  FAl 


Tm  PAQi  IS  UNCUSSMB) 


10%  OVEKLAP  OF  ENCilCY 


i  *o-’ 


0-1  0.2  0.3  0.4 
wavel£«k:tm  IPCREMEWT  OMICPON) 


Figure  8.  Maximum  Spectral  Attenuation  Hequiremtnts 
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(U)  Both  factors  are  developed  ui  tef  i!is  of  vtu^  tarjgent-tieiglit  error  wdiich 
is  related  to  angular,  liiie-of-'^ight  accuracy  thiuugh  the  viewing  geometry, 
tor  a  probe  veincle  at  300  .oi  altitude,  the  .‘^lant  range  t(^  the  horizon  is  about 
dOOO  kin  and  a  1  arc  .-nin  angular  accuracy  corresptinds  to  a  langent-heigfit 
error  equal  to  0,  5b  km. 

2.  5.  I  System  (  '  verage  Studies 

(S)  'fangent-height  error  i-  rcdate  1  to  satellit*.  syslein  cover.ige  in  the  following 
sens*.*:  .A  rnidcourst*  t»»rget  '-ensi.ii'  is  coimlrained  to  \iew  ovei*-tht*-horiy.*>n 
only,  ant!.  aT  a  rcsuit,  it-  gi-ograplm  al  coxerage  i.*^  limited  a,s  siiown  in  !■  ig- 
11  re  0.  Id.”  a  giv*.*',  miniii.ui:  view  ta'igen!  iieigl.l  (iil  and  for  a  target  altitude 
(II).  trie  in stantan**ou s  eo-.a-r  ig»‘  angh  m  '•  ^  t!;e  sensor  scans  in  azimuth., 

a  total  Solid  ,ingl».*  m  •*  v**pt  t  v  ti.*-  ..ngle  '•  r-evolving  almut  the  line  OS.  T!iis 
soil  I  a.ngle  w'!!**.'!  i  < m.pa.'-*-  i  t  s  -  -tei-adiaiis  is  tlic  fratlionaj  coverage  of  any 
sensor.  InvaT'tmg  this  tr.i  tu  n  gives  t!.*‘  nnnuniin:  iii!iniK.'r  iif  .sen.stirs  required 
for  cornph'te  cover*  tge.  as-utt  ing  lai  overlap  belvve**!'  indi^'iilual  *'ov«*rage 
patterns,  'fhe  sensPiv  t  t'  ?=  t.il  --v.-ors  requir**!!  to  mimmiim  tang*'n1  lieig!  1 
I  I'l  tie  -.een  in  !  igure  I*),  h,  this  <  .tse,  t*  <*  targ*'1  altitude  (11)  is  100  nin.  1  ht-* 
niirnber*  ■>(  sen.'Sir  ■  re  jiire  i  *’  an  int<  ;j<*r  (Si),  riirl  a  variatitui  of  h^  is*  con.sidcred 
s  1  g'l i I' 1C .mt  i!  it  !*'*s;i!t-'  1*.  i  li'i'.l  '  .i*.i'<-  1*1  N.  It  IS  <  h'.'ir  tiial,  as  h|^  lipproaches 

II,  tin*  C'.".er*a,,e  per  -a  ;;-..,.-  ie.  -e.-se*  .  :in  1  a  sr,.i!)  change  in  hj  w*il]  ri'sult  in  a 

unit  ch.inge  in  luii:  i  <■:*  d  r*-^.  Tie  ;*n  s  v.ii'i.'ttion  in  tq  \\*lii*)i  caust*;'  a  iniit 

i*h.ingr'  in  N  is  h'  .vi  i*’  i  igu:  ♦  I  1.  vvh*  r*  h  m  this  i  a’^e  i.s  1  .'>0  km  or  .**hout 

MO  nm.  an  ;  ti  e  s  itellite  litit  ;  !<  is  'din  rm  .  .Aiso  n  iia.^  been  assunu'd  in  I'ig- 

lire  II  that  on  *1  e  i,e;  ,  a).'  .■.-e;*ia;  ri  <  ov«  rag*  exists  Ix'tweon  individual 
c*ivcr ag<’  'p.itfefi.v;.  ;  ;•  ..  T*  inc*  '  t.i'ic'ent  '*  ights  Iroin  t>()  to  "(t  hm,  an  rms 

angular  hne-..f- r  ^  *.  ■  f  ai-ou*.  \  a* a  r*  in  ■)!  2.2  km  on  th**  hi.rizon  is 
required. 


2.  1.2  Align!  ir/ H  i  ;i. ru  e  firr*  r  (  rret}><  ndence 

A  '^ecoti  iarv  eon~i  loratii'ti  whir’-  involves  thr  angular  arcuracy  specifica¬ 
tion  I'r  deveiopf’d  fron*  t'.o  -iojx*  of  the  allitu  !•  ra  lianrc  pr^ifile  .and  the  required 
ra  liam-e  nrasiirenent  mrarary.  The  sr n.^^itivitv  of  fahse -alarm  rate  prediction 
to  iM  iiance  errors  'na  i  led  to.  an  amplitude’  accuracy  requirement  of  10>.  A 
given  incremental  change  ;n  ra  iiance  veil;  translate  into  a  corre.sponding  incre¬ 
mental  c’nange  in  tangent  ’-.eigl-.t  via  the  slope  f,f  the  radiance  profile  the  results 
of  vv*'.{c‘*  iopen  i  on  the  absnlutr  tangent  height,  for  the  va-ious  atmospheric 
constituent.^  and  vavrlength=  of  interest,  the  mfcjej  pififilos  iiave  been  used  to 
generate  tangrnt-’neig'.t  errors  for  a  i0<  radianre  err*  r.  The  results  are  given 
in  Table  4.  .As  iieh  re,  tlie  ab=olute  tangent  'leights  used  for  each  w*avelength 
region  rorre.cpMid  to  t'^e  port  at  which  the  atmosplieric  radiance  is  equivalent 
to  tiif:  reference  target,  1000  nn-i  iistant.  The  tan  gent -’might  errors  of  Table  4 
are  houn  led  and  generallv  increase  as  the  absolute  1'.*ng*’nt  lieiglit  increases 
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1  aole  4,  1  angent 'lit'ight  Krror  ('orretipotidiiig  to  10-percent 

Radiance  L’rror 


■  . .  ■  '  .  1 

Constituent  and 
Wavelength 
(microns) 

Tangent 
Height  (kill) 

*  . ^ 

Radiance  Slope 
(watt/  cm“-ster-ki!i) 

Tangent  Height 
Error  (km) 

NO/ 5.  3  Day 

2’,  5 

!.  5  X  10*  *  ^ 

1.  8 

NiKht 

i  50 

Ox  10-^- 

3.  1 

il^/)/ii.3  Day 

V'n  j 

3.  3  X  10* 

0.  32 

\  I  gilt 

78 

3.‘.x  10 

0.  30 

7,4  ('vVtrulu'.v) 

73 

-  1  0 

3.  3  X  10 

0.  It. 

N  .0/  7.  V 

113 

10*^^ 

0.  03 

tt.  4  (window) 

.... 

X  i<r’" 

0.  2'.) 

O^/f,  d  Day 

1  00 

3.  a  >.  10 

0.  34 

Nigid 

1 

1.  ■>  \  10 

0.  r)(. 

CO,,/  in.  4  D  IV 

'J  -  ini 

1.4-2x10*  ' 

0.  4  8  -  0.  08 

\  igilt 

T, 

4,3-  V  10* 

0.  H.  -  0.  22 

FINO  /  l\.  2 

8’ 

4  X  10* 

0.  2 

12  (window) 

0  1 

4.  x3  X  10*^ 

0,  3 

C(i.,/I'i  Dav 

08.  5  -  i  1.3 

3.  R  -  7  X  10* 

0.  23  -  0.  4  2 

Night 

07  -  112 

3.  3  -  4.  3  X  10*^*^ 

0.  37  -  0.  40 

N^O/  17 

102 

: 

2  X  10* 

0.  01 

18  -  25 

o'. 

i 

-O 

10  ‘ 

0.  28 

_ 

THIS  PAGE  IS  UNCLASSIFIED 

SECRET 


SECRET 


fS)  (.--ee  F'lgurt^  11).  The  highest  precisi  'ti  is  required  for  ineasurenieiils 
wlhiri  alifin -j ph»: ru'  'Alri(!^'l\^  regions  doAer  left  in  Figure  11)  where  the  slope  of 
the  r'icliam  e  ■"ironies  it  relatively  steeji.  Tlie  >j>et'ified  angular  ai  curacy  of  1 
irc  rr.in  i -s  ■- on,' i stent  a  th  a  radiance  error  in  some  ahsorpllon  hands. 
HuAever  in  the  Aindo'A  region.^  m'*  in  the  M2ff  hands  it  corresponds  to  radiance 
error on  thie  or  Je,'-  o;  20  to  '10^-  To  [>roduce  consistent  ai  iiracn  s  in  all  wave¬ 
length  regions  /.  ould  ’’e  juire  an  angalar  a<'  urai,  y  on  tlu  ordt  f  ol  la  arc  sec. 

(!  )  Tln.-i  repre^entt  ■  'uh-tantia!  i !;.;.>rovement  v-ompared  to  the  specified 
1  i'"c  rnif.,  If.  1  It  Cut  oi'inied  'or  irii.s  program  diu-  in  ihe  iiu  tcas«’d  (  omjilexity 

1  n'  4  O  i  t  <  >t  t  h  »*  f  I  *•  ^  J  f*  '»  /  ;  ?  '*  i  A 

((  )  In  ,  fr, .  f  ,  tiaia  tiillcrliMj  vMtfjui  !*.<■  Ifi-niirron 

CO-j  hold  1'.  if  f  ,  c-  iHit.'.ui't  •.’■f  rc  f  e'  sigi.1  ..1  alliUidf.-  near  ’(0  to  <10  km. 

(!  )  Fign-  -  12  lA-  . .  ir  .n  i<  o  e  nc  .i  ]oi.,iioM  on  ihc  Ih  jiiicrom 

tni;‘Tii  hfigi'.t  p'-,*-  ’.i<  .  1  <•  1’  •  t:  oper.il  i  nni-  OM  ihe  curve  as  a  fnnclion 

o'  I  f  on  s  1  I M '  Ah  .  *  1  '  ' .  I ‘  1  ■,  r'f  1  .(1  <  1  1  o  1 !  .f  t :  ;<!!  .il  1  < '  ■  I  lo!  .>- <*  I'a 1 1  o  ol  Ihe 

i  ri.si  r.irner.t  \t  i-  t'  ,r.  i.fd  -h  \  i  .o  i  on  o!  die  error  is  hclow  .h  km 

for  sm  ill  V  ihj*'  o'  ••  t’-  *  e-:  Ah  h  .vi.<-r<‘  Ihi.t  \s1em  will  oper.'ile  I'lie 

1  riforrn  .1*  1  O'!  i-oA-j  >•  (  a  i  •  .>a  '  r-oif  .tn.ilv  lical  .t  i  inillal  ion  of 

tlie  ('()<)  ef'ii  ;-oori  '  c.  1  !  g'i<'>  '  ’  '  A  s  a  I  onir.  ,i  r  I  i-o!  I  o'  '.he  .’in.'il  v1 1  call  y 

lie  rived  pro'ile  |f  !  i  r .  r  .  ..ii  r'  !’  ‘roin  1!m  N  "i  '(  anner  program. 


2.h,  DVNNMIC  flANC,!  Wl-  WliMlil  h! 

\('(1  U \(  \  ifUMllN  !  ' 

(F)  Dvn.invic  r  i.'  g*'  rg  -  O  r  >  .  r  so'itial  inO  rv.’il  h.iV<  ln'en  rii  rive,j 

from  the  riode!  ttmo-i'"e  r-<.'  r'ch,  c,  <  :  r  o'-.h  i- ,  p  ii-  required  tfi.-il  .tuffi  leril 
ivfi.ttnic  r  nigc  e\is'  5;'  ‘h.’  <”•  t'r.  •  tif.ros  .m  '  1  •  lenji  iif  r\  t  o  <  nsure 
intcn.-iity  me  "jurema ri;  s  ;o  n  .  urn  o'  ]  0^  ihroughout  ;in  .altilud'*  range 
fron'  0  to  the  i  ingen*  h.'ig'g  ’■>  •>-.<.  drro.'pherii  radi.anf'  is  on  Die  order 
of  tile  noise  level.  The  reqn-red  dv'-r-in'’-  r.-jrgr  1;-  cihown  in  figure  H.  From 
the  mo  !e]  profilr-'.  the  rn.iMrir.m  dvr  in-i  requi remenl  o'  3  fo  a  x  10*"' 

exist'!  in  trie  l'i-rn  ron  (’(’'o  l  and.  Tl  -ough  Die  i,se  of  a  log  tran.''t^''r  ''un'tion 
to  achieve  a  con-'t.int  error  tiO^  in  1erm.=  of  inpcl  ’lux.  i1  i.'-  .‘'Cf  n  f rrnn  the 
f'giire  than  irv  cigli*-!'!*  FC M  1  odr  *elprretr\  -vsien'  if  Fidfic  irnt  in  all  r  a.‘'eF. 

(d)  The  aniplitude  irriir.iry  r'-qiii  rerneot  in  ir-rmF  o'  hat  kgrounr!  radianep 
rr’e  I'Urcrrients  h  i  i  t  eor  developed  frorr'  the  4''fef1s  on  deleclion  FVFirm  falpe- 
.alarm  rate  p-edictions.  These  efferts  a-e  shown  in  Figurr.  pc,  jy,,.  deter  tmn 
process  which  incorporates  th  rf  sholrp.ng  In  eli mi nale  Inw-leve]  noi.^e.  in 
tins  c.i'ce,  'or  typical  threshc  ?-to-rms -noise  ratio's  of  a  or  g'-eater  there 
ire  errors  in  e.stimating  'aT-  '-alarm  rate  that  are  'rilicallv'  rjepenrl'nt  -m  the 
Tcuracv  of  harkgr  aiird  -  r -idi  ance  -Tieasurements.  A  require*-  ept  of  KT^ampli- 
tufle  accuraev  is  ,«perified  to  ensure  a  false-alarm  rate  pr'’rii rf j on  error  less 
tiian  .a  f actor  .af  1  0 
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Reciprocal  of  Signal -nois,e  Ratio 
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Constant  for  }•  icht  T  orators 


UNCLASSIFIED 
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TASGENT  WEIGHT  'KM) 


Ficurp  1?.  (  omparison  of  Measured  and  Analvtical  CO 

FInr)7r.n  Profiles  -  fioose  Hav  (From  Ref.]) 


'  UNCLASSIREO 


i  7  RhSt'IlSOf  ^  MODKl.  AND 

Oh  MhA','  UI.1>  i.iATA 


A  fMathtTMutU  ai  r!U-^U*!  >♦  Ifiv  {‘adusti  v  t- 
•  ■ofiitituent  '.‘cn.-sast-s  hu'  lev!',  made  tor  tr.e 
anti  ret)ortt"i  in  Kefere*  e  J, 


ire>  haiHMim  aiir?  e<tuna1im  of 
u;>pt  I  a1t^o^phere  (fiO  1o  500  km) 


Spei  tr  li  r  1  Man-  e  ai 
f't-Tuita  Aere  u~tr  <  an 
nuh.»:e<  ti on  -uri  f?i  irn/e' 
i-~  Ael!  a-!  ?h<-  ! 


ru:  fa  Ua.n  e  pfnule.-  wen  generated  and 

ji  J  '.n  v.-!a!  h.-!.jnj.'  ou-t  funit  iit  requi  reim-nt .  'I't  is 
t'.e  j>erti'.rnT  riMih>  ot  the  alino^pheni  niodelinp 
''■-H  ’  .I  s  .  tf,t  \  to  iiustr-uitit'iit  ta-quireim-nls 


f  )l)J !  i  t  f'l  if.t  *p.«‘  I'-.il  '  f*  it  ;i  f'*' ^  t  A*.!-; 

pi  LhroiUijh  22  !or  '  \  \ 

i'  i  H **  s  ,  if  j •' ! *■  r'  ^ !  'i  ‘  1  \  t  -  f  '1 » ■  1*'  »  -  »  •  t  •  t 

ind  Uir‘‘t-  _I-  nia  •  •  i;;  .-'.. 

*'■  »f'  ri!<’  ISimeFTia'  •  I;.,,.  .  . f  j!  .-ia 

'.vert-  !  1 .  1,1  *F '  I '  !  ' 


■  i^phi  JO  I’asliaiifi  ai't  ^!iown  ui  !  ipiiiam 

Jii.'  't  i.'ll  J  n  1;;  J  ]  's  klli  ,  lui  I  [■, 

•  iliujf.inaiU'n  '!  i  n  ah.'-s  i-ption  hand)' 

•i-  '  •  h<  I  ri  n1intifi((i  t  roni  thi-M-  .'-peelra 
:  .ox;  !  *u  jxxj.ii  r«  li  .--j-rivil  i  v  ,1y  h-vel.*^ 


f  fj  k!l  '■  I  h  i!  •  t  .  .  ,  ;  ; 

iixn!*'  /\»)1  S'!  i  S'^!  =  '»  ;  •  ,  ;  .  . 

hi  ^h*.'  r  f  h  ij!  ‘  . . .  . '  I  ■  , 

If*’  Xfj'iv-r!  i'l  f  J  ’  ‘  -  ‘.c, 

slnirts  1  ’  s  h  I'-ijf  i ■  ■•  !  ,'■  .  ; .  .  I  ;  _ 

?•*■  PI  li  I  !  'Till  ,*  •  *  I  . 


'  -  aCfii?  if!s  .  ;<  mis  r(.>n  hand  of  nitrif 
r  .j  !i  alldiirh  rs'  250  am!  ’too  km 

'  '  .ihi‘a'-h  jfi  tifi lt‘.’  a1  5,  .'!  nin  rons 
'•  1  !  nit'titifju  ondiliofis  A  lar^f 

'■  ''  d  'i'la.  I  .  I  11,1  j-pj's  t  r  al  I  iiaraeler 

)  X-X'l 


!  fl  ijh  '•  I  h  .  • 

fl  ■(  n  i  • 

1 1  rn '  n  !  V  V  i ;  \ 

•,v  d  !  I  rri  J  ,  •  ,  ;  J  0 

•'  ^r  nt*  eti'  dx  i!  ^  i  • 

n  idi  in  '?•  p f  I'd  p,.- 

pht' r*i  ' 


'  ;  ■'  ■'  m:  !);•  -J  s  '.ncron  haruJ  of  rnidn^n 

a  ,..-  .  '  p.r,did< '!  dut-tnj-  thif.  -Indv  })U1  pre- 

^  ihm  !  .ijsi'  Ih  ah  !iip!)  aj-  10'^’ 

dh  i  ’  1<  »  ]  I  XI  I  <  •?-  'fji-  radianif  prixjt (  t»'d 

d  a  'aft'-'-  of  1  fif)  k «  Jirc- eiTil  all  VI* 

o’‘j)t  i  haniJt  a-  !"! 'i  I 'J  f  ror  Jlsi  uppi-r- 


r  f'*;  i”  <  r*  ~-t; nn'-  .ri  <  xp*  •  fr  j  m  'Ofrn  oifir  r  harid)^ 
n.mmlv  o-xps  |.  ,.n  ^  ^.-,1  , q  cr^  )  ai  10.4  muronn 

The  mtxmvim  orrm  -tn  !  huma]  var’^ftmn?  and  the  a?i-omat.'d  altitude  rf-ei-inF 
•nr  rhri..’  and  .-‘mr  h^nd'  ar‘  £  -  m  Jahlr  A  A  K.gnifirant  diurnal  variation 

i.a  a!ao  predicted  f*-  “1-  .^h  or* -a  av  r  If.p^th  ^^3  ,,  ,4 

_ - r  ^  f"\  *  I  .  »  _  _  _  _ 


mirron  f  On  Hard  w  'd,  rva 


1 


cu-o  21.  t  li'firlv  hnth  daxiiine  and  nighttime 


mf‘^*^‘iremenm  .-o  q.  h,- thi  pv-Pn.  v  diurnal  radiance  vanatinni^. 


The  la’-ge  diurnal  ’-an  lt^on  n  s’  ■]  ‘‘nr  »re 
'nvolvi’s  1  .  hT''ge  ;n  ,.;p<v*ril  har-  ’f-  a-  rex 
^p,>rt  -'a|  region  chcisp'x  fnr  *r*  a  =  n;..,- rppr*  1  q 

mieronr)  H,cpi  pp  da^dime  cf-.e  ;-a. 


10,  j-rrirro'  (  Or  fianf’ 

n  in  Figurf  ^  ]  n  .-(rsd  20 
.4  mi  ri.nH  f  1 0.  0  io  ]  n 


a]  .no 

Th- 
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No  hangfe  in  "ipt-vlral  chara^tfr  s  p'-rduted  with  \  an  atiorit^  m  tangent 
hfeight  with  the  fcx<  e{>tion  of  t‘<)2  and  N  ?0  radiation  in  the  range  from  14  to  18 
rnirrone  (see  figure  21).  .At  the  lowe.'*  altitude?  near  hO  kiu  radiation  1  rotn 
the  two  h.jnd.'i  overlap  to  voe  extetit  that  they  .  ^nnot  be  feparated  Ai  higher 
altitufleri  In  exce-i.-i  Of  a^xiut  100  KM.  a  reparation  o?  t!ie  two  hand?  ir  noted. 

The  higher  jltitu.fe  ->p«.-.tr-j  i?  Ureu  to  i!>  wawleiigth  regions  for  measure¬ 

ments  i-e  14  to  10  .'■nioron?  lor  (  (>»  aroJ  1*.  to  18  mu  rt»ns  toi-  N’oii, 

f  rom  in  op*-.f  ati  ofia!  •^s  -terr:  'tan  ijxnnt  tUe  aiiiuisptie rir  -  w  iridow  regions 
ire  of  inoxt  ifili-rest  si  rue  tf.es  alliw  ta.'get  _tteitlon  .it  lowe!'  aitltudes  d'he 
thei-r-  ai;!!.ia  '-eg!  in*  A';:  f.  a .  e  ’ee’.  iUerj*  *  til  !'\>m  the  s|iet,t!ni  .1  rt  loi  ated 
it  7  1.  H  (.  ifr'!  !2  mil  '■  a: -  I  *.•  7  4  r.i'.  amdow  s  .i  narrow  v\indiiw 

laiufid'-d  Of!  -I'lor'.- A  ■  -r  T  .  tn«  r  y-n;  .  roii  Hul  h.ind  and  on  the 

long  A  r,eb-ngnn  *. i  !«•  t  ’n»'  ■  e  i  N-o  *  '  .oio.?  !i«  .tv  ,  7  mu  roiis 

Ilium  il  .  iri  it;  i?;-  u_j.  .41';  •-  A  .'r-  n.'.  i  vjf  it  !  to  prtKliiti  igiii  t  u  ant 

(hmgei  If!  -pe  tfil  f,  .  !  u-r  1  ■■  If,-  •..•.ngr?  .1?  .-rti.  from  !  igure  17 

I  )u*  A  !  nd- •  A  rt'gi. >fi  '"le  .1  r  4  *’  ;■  ^  tfi?  !'  ’  -‘0**;  .e  ■  ofi  1  ht  s  lu'f't  '  aV  *' li'ligt  li 

Hide  hv  Ihe  ofilhlfietf  f  l.|  ‘  \  )  d  , '  ’  i.'-  “  7  fl'ifiifi?  .mdofillif  lotig  WaV«‘" 

length  .r!*'  to,  I’r'-  Ot  r  if'd  i*  «.*  r  in-  '!  •  •  *-;«  1r..l  thslril  ulion  in  this 

'.'.indoA  IS  ifioA':  if]  f  gu’*’  i  ‘  i .  '-eg-:  '  j-  stjtidl\‘lfi«  d  bir  two 

me  i:SU  re 'lif  ft* -i  fl)  nir'"  ^  a  r.  '  a  'r  ■  In  !  7  mu  ror  '  withui  whuh 

very  I  »a  r  i  ii  in-  e  '.  tin.'.,  if.  •.  f.  >,  •.  ;  (.'i  f':'  auirr  ti  guiri  from  R,  1  to 

d.  1  nil!  t'on--  A  'h  ■  :  1  gl I  .  ■-  •  t  \  .ihjt  ■-  Onlv  mifior  diurnal 

(di  mgi's  iri'  *•  4t!e  ■f'..'  A' ’’  f  -  A  -'-  '  A  '-I  p,  •' 

The  lUnostphef  f  i  dr  ,<  <  ,>  < •  i  ,ir  It  niiirons  tfu- 

predi  **’  i  spe  *  ”  i  i'‘  .a*'  >■  .;  .*  •  •-  j  pr'i  }(■,  11  .  rt  gui'.  is  ])Olt  ntinllv 

t!lf  hoif  --’gum,  ‘‘,1'-  t  .'-g<  •  I',.  •  /  ,  ,  r  ,  -*  r  i  ■,  »  'U,  \i  i  d<  a1  wmilriW  ami  it 

e\;j.'*a  ru'  1'-  *hi'  -Iff'.  *'•■.1  ;rr  ^  <-g<  ;  1  a ;  .'d  .  or  1  h<  sitfirl  W  a  V«'ll>ngt  )| 

IlfTltt  cif  t  iu -I  Airdon  --’g’ m  ■  e  f  r,  '  >  f  r-r  :  f-r,1  r] ,  t  r  ff'  f  r  %  o'pjirjf 

irl  i  nrNtl^)  ut  ‘ h'We'-  U’  tiip.r,", 

Rt'i'f'ni  hilb->.-irf  r-in -s ,rrrr  e.'-t  c  - •  -r  j  ‘A  Ht  ^  V  Ii.fi  Mur  ray  at  the  I’nivt^r* 
sUv  o'"  piof’ver  hive  t /fee •  * r  *  r-fr'  '>  id  nrxh!':  I  radiating  nnar  11-2  mu  rfinp 
in  the  Itiwi'f  itrn '''jphe  ?T  f'enr-  fhe  =  e  -„*a  ari  FNOA  r  on*  »’nf  rat  u>n  fiiptri- 
bution  '.V  IS  posUif.i'e  >  in,-!  -.r i  o-prra'ed  -^in  *hr  ‘n-jr  atmocpherir  mndrl  at 
Konev'.vrII  The  ees-jpirg  r^diapre  p«-o'!ie  'or  IPffy-}  je  cSjown  in  V'lgom  2.'i, 
ind  its  4;pr.’tr:il  dei'm-ition  ■  v;  ti'-e-  n  I  igum  20.  p  niteir  and  rxjsds  to  thip 
exten*  up  to  ui  80-kt't  il'Uude  thr o,;  rnuld  .=  1  gri’^i  cantl  v  rerfufr* 

the  '.vuitp  'ne  the  i2*e’u  r-»r  .t’p.dow  ffp  t  V  other  hand,  if  nitrit  at  id  fioep 
no*  exist  in  'he  pi-(4por»iop.^:  exi'ier'e  then  the  shopt  -  wavelongih  limU  f’fmld 
hr  close"  to  1  i  r'lc'rons  s.s  det«' "mi pe-d  hv  f  f>2  radiation  at  10  4  mirronp 
wfiu'h  h  is  -t  Imge  fiier-'nl  effept  The  long-w  .avelength  limit  i?  determined  liv 
CfT)  r  id'.  ition  P  1  A  microns  'xhich  sho-i?  some  diimnal  e'^fect  lieyond  13 
niicron.s  ever,  as  Ion  is  80  km.  The  12-mirron  window  is  subdivided  into  two 
bro.nd  regioPs  for  r, 'measurement  prim-arily  to  isola'e  the  radiation  from  nitric 
a  r  i  tl . 
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The  ateep  slopies  in  spectral  radiance  predicted  near  all  window  regions 
dictate  that  high  spectral  resolution  0.  1 -micron)  measurements  be  made 
in  order  that  the  wavelength  limits  can  be  accurately  located.  As  a  result, 
high- resolution  spectra  are  specified  in  each  of  the  three  window  regions. 

Additional  data  wliich  relate  to  this  limb  measurement  program  were 
collected  iiy  Markov  (I'SSR)  and  are  reported  in  Applied  Optics,  Vol.  8.  No.  5, 
May  19R9,  887.  A  iirief  .'^urnmarv  of  pertinent  results  is  presented  in  Table 
6. 


Of  significant  interest  with  respect  to  the  I’SSU  data  are  the  liigh-altitude 
layers  reportedly  measured  ciuring  four  out  of  a  total  of  30  probe  flights.  The 
expected  rafliancc  levels  of  these  layers  as  would  be  observed  by  a  limb  view¬ 
ing  instrument  are  shown  in  Figure  20.  Thc.se  radiance  levels  are  seen  to  be 
consideraiily  in  excc'-s  of  the  highest  radiance  level  predicted  from  the  model. 
Also  of  interest  is  tlie  fact  tiiat  t)ie  radiance  level  niensured  within  these  high 
altitude  layers  is  directly  c  irrclatcd  with  the  geomagnetic  index  as  seen  in 
Table  7. 


Further  results  of  the  atmospheric  modeling  studies  which  are  of  some 
interest  include  the  spectral  radiance  levels  expected  from  noctilucent 
clouds  .and  intcrplanet.irv  dust.  Summaries  of  relevant  facts  are  given  in 
Tables  8  and  Hcgarding  noctilui  ent  clouds,  it  can  be  concluded  that  they 
may  represent  a  considerable  source  of  interference  since  they  exhibit  the 
following; 

•  Radiance  in  excess  of  the  nominal  tar  get  over  a  broad 
wavelength  region 

•  Altitudes  in  the  range  of  interest 

•  Occurrence  over  high-priority  geography 

•  Sharp  spatial  gradients 

The  actual  probability  of  occurrence  how'ever  is  uncertain.  The  presence 
of  noctilucent  clouds  within  a  given  data  set  may  be  identified  by  the  radiance 
peaks  near  20  and  25  microns,  given  a  spectral  resolution  on  the  order  of  1 
micron. 

Interplanetary  dust  may  also  represent  a  significant  source  of  inter¬ 
ference  if  data  is  collected  wdthin  close  angular  proximity  of  the  sun.  Al¬ 
though  this  source  of  interference  will  be  difficult  to  recognize,  it  may  be 
possible  to  make  identification  of  the  sharp  radiance  peak  in  the  atmospheric 
window  near  12  microns. 

The  spec*~al  radiance  for  noctilucent  clouds  and  interplanetary  dust  as 
estimated  from  the  model  is  compared  to  the  reference  target  in  Figure  27. 
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Table  Summary  of  USSR  Measurements  of  l^WIR 
Upper -Atmospheric  Radiance 


Hiihl 

.Nufiibrr  ot 

iO  pfx>beb  ‘  dl<i>'t}tnr 

I  i*)  i»jitrtht4*^  ■  d.  V  mid  night 

Ahtiu‘iv 

100  -  bOO  kn. 

S»trUitt-  200  -  3b0  kns 

August  1958  tu  CVtolwr  1965 

h  •  0  to  K  »  5 
t‘  1' 

RrauH*^ 

lliKh*K4iJi*n4  e  Layms 

t>t  ctirrrm  *•  • 

i  |*ioU-»  * 

.\l*  ft: 
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i  dyrt  I  hiK  ktir  Sa  ■ 

10  ki!  (‘iijr'i  «ilHu3r|  1i.  30  40  k(i 

(!o»  »l!  tu'ie) 

Ritiu  I'Jtr.  to 

hi . 

1001 

u  anflilt  mn  ( r  vi  tl 

Huy  ar>!  fi.glit  laliuMf  1  f  ',  d«’prc-rs 

Ilifthcfit  K  j  h'jrii  *■ 
f  )b*4r  rx  ♦*  1  • 

IVntkf  at  lavt  r  allitydi-  nxiP 

hnr»?f>nial  h»gh  ru- 1 ndf  x 

Spf  tral  Ui M ril*y tu*n- 

Msixttfiun'  ir\4.t»  H.5*< 

t04  ttJay)  anO  iOf  (rdchl)  in  0.  R  *  4.  r>tJ 

M:*vi  in  8.  f>  -  40  M 

Table  USSR  Prolx*  Mcasui  mcnts  Maximum  Radiant 
Emittancc  Observed  with  Vehicle  within 
Layer  and  with  Horizontal  Viewing 


Gromagn»lit  Imifx 

mi 

■ 

■ 

3 

15 

■ 

5 

48 

200 

250 

240 

150 

250/300 

<  10 

■ 

290 

690 

320 

20 

400 

<  10 

420 

m 

220 

650 

450 

m 

B 

180 

500 

<  10 

■ 

■ 

160/220 

■ 

Note-  fnit*  of  emtttunce  #r» 

Wtv«i«nfth  iftf  remenl*  »r^  0.  8  ■  40  »nd  2.  t  -  40  k 
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Table  8.  Summary  Data  on  High-Altitude  Clouds 

Noctilucent  (Natural) 

AlUtud« 

ThtcknesB 
Latitude 

Seascxi 
buraUun 
CuriipoaiUon 

[>en»uty 
Tenipe rature 
Grii({raphy 

Nac  reoua 

Altitude  typically  <  JO  Kni 

Fxpected  radiaUCKi  levels  much  less  than  gaseous  ennasion  of 
COj.  and  MjO  in  loaer  atmosphere. 


Table  Stimmary  Data  on  Interplanetary  Dust 
Theoretical  Model: 

•  Heliocentnc  zodiacal  dust  cloud  lentrlcularly  shaped 
around  plane  of  ecliptic  which  may  extend  as  far  as 
Jupiter 

•  Composition:  'Dirty  "  quartz 

•  Number  density:  10  ^  to  10  ®  per  cm^  at  1  au 

s  Radiance  measured  only  for:  Wavelength  near  2.2  u 
and  within  2*3  degrees  of  Sun 

•  Extrapolated  radiance  (emission)  using  model: 

N—  10*^  •  10  watt/cm^«8ter“u  at  50  degrees  from  Sun 
N  ^  10  •  10  walt/cm^"Ster»n  at  90  degrees  from  Sun 

•  Scattering  small  compared  to  emisalon  beyond  5  u 
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-  72  km  to  92  kni 

-  2  km  average  (0,  5  to  5  km) 

-  45  degrees  to  bO  degrees  Nortli  and  South 
•  60  degrees  must  probable 

-  Sharp  summer  maximum 

-  Several  minutes  to  several  hours 

-  Sn.all  (0.  2  *0.  3y)«nieteoric 

-  Large  (0.  J“0.  ^)-ice 

-  200  per  cm"^  (size  >  0.  05  j^) 

-  to  160°K 

»  ‘'cendinavT*  and  Northwest  L  .  S.  S.  H. 


SPECT 


UNCLA8jg»F^ 


WAVEUUCTM  (MICRONS) 

Figure  27.  Predicted  Emission  From  Noctilucent  Clouds 
and  Interplanetary  Dust 
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^KCTION  3 

SYSTKM  KKQl  IKEMKNTS 


The  ultimate  ^oal  of  a  background  measurement  is  estimation  of  tiie 
radiance  distribution  for  amplitudes  exceeding  a  level  of  interest  defined  by  a 
model  target.  In  the  folloAing.  the  problem  of  estimating  the  distribution 
from  a  limited  number  of  .samples  is  addressed,  and  error  e.stimntes  are 
derived  for  the  sample  mean  and  variance  as  a  function  of  the  numln^r  of  in¬ 
dependent  samples  using  inforniatic>n  derived  from  a  model  atmospliere  1'he 
sampling  defined  above  is  obtained  frciin  tlie  physics  of  the  problem,  deliber¬ 
ately  weighted  for  measurements  cif  extreme  conditions  which  should  sample 
the  infrequent  rases  .A.n  assumption  of  uniform  sam|ding  ran  then  be  used 
to  obtain  the  upper  bound  of  the  error  in  estimation  of  Itie  di.<^t  ribution 


((!)  In  the  process  of  thi.s  exami n  ition  an  esti  mate  the  i  orrel.ation  lengths 
and  tirno.s  of  the  l.UIft  atmospinTi c  radiaruf  iii.uj  was  obtained-  Thi.s  informa¬ 
tion  i.s  of  value  in  fixing  the  sample  sp.u  ing  for  a  sc  an  and  for  a  probe 
sequenc  e  in  that  the  fieriodic  it’.  of  the  data  is  defu.ed  by  these  lengths  and 
times.  y 

(U)  A  summary  of  experinierU  re-jui  rem<  nts  i.«  given  mi  Tab! 


3.  I  BASIS  FOH  SAMPI  INfl  KlX^r IHKMKNTS 

(U)  Atmo.spherir  ch  irnctenstn  s  us»m1  to  obtain  sampl^rfig  requirements  are 
taken  from  a  low -altitude  atmospherii  model  at  70  )yf-, ,  o7ono  eonrentralion 
in  North  America  at  43  km.  l-'i-mirron  f'Oo  radisr><4'  data  from  30  to  40  km 
and  arctic  temfx'rature  gradient  data  near  aO  km/  A  preliminary*  estimate 
of  the  number  of  sample.ci  required  was  made  M  computing  the  variance  (annual) 
of  the  radiance,  derived  from  the  low-altitin^ model  for  all  conditions  modeled. 
A  sample  sire  was  derived,  in  term.«  of  estimating  the  mean  (annual)  radiance 
of  all  geographical  region,«,  based  on  rad/nce  profiles  from  the  low-altituce 
atmospheric  model,  a.ssuming  all  data  \gere  independent.  This  did  not  provide 
a  means  of  establishing  the  number  o/)robcs  and  profiles  per  flight 

(U)  To  arrive  at  more  definition  c^the  sampling  requirement,  the  spatial 
and  temporal  variations  of  availi^e  data  were  examined.  For  the  most  part, 
data  were  available  only  at  altituoes  less  than  those  of  interest  for  this  mea¬ 
surement  prog-am.  These  da^  were  used  as  a  conservative  (over)  estimate 
of  the  actual  number  of  samples  required  to  define  variations  in  the  upper 
atmospliere.  / 
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Table  10.  Experiment  Requirements  Summary 


Item 

Requirement 

Source  of  raciiarce 

Earth's  atmosphere 

Altitude  range 

0  -  500  km 

Background 

Space 

Viewing  geometry 

l.imb  view  from  earth's  horizon 
to  horizontal 

Measurement  platform 

Probe  vehicle  altitude  range 

100  to  300  km 

Vertical  angular  cov'erage 

20  deg 

Azimuthal  angular  c(>verag<‘ 

300  deg 

Horizontal  profile  spacing 

1000  krn 

Number  of  profiles  per  flight 

8  to  10 

Geography 

fl)  .Arctic  and  (2)  temperate  and 
(3)  tropical 

Season 

(1)  Winter  ana  12)  summer 

Time  of  day 

(DNoon.  12)  midnight,  and 
f3)  sunrise,  sunset 

Number  of  flights 

10  (oplimium  program) 

R  (minimum  program) 

3  (limited  objectives) 

.  . —  - . -  - 
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3.1.1  -  Altitude  Atmospheric 


Spertrat  racJiamt'  afid  radianc e/ altUudt-  profile.-  were  generated  using 
the  low-altitude  atmospherir  model.  Within  thi.-<  mode],  there  exists  a 
variety  of  geographical  and  seasonal  data  variations.  'I'he  model  int  ludes 
Arctic,  temperate  an^i  tropiial  data  during  winter  and  .'^unimer.  and  iiivolve.s 
variations  m  temperature,  water  vapor  and  o.^one  concent  ra1ion.«.  The  carbon 
dioxide  mixing  ratio  is  a'^s  imed  con.stant  at  320  iipm,  Some  examples  of  data 
variations  used  m  the  low -altitude  model  are  given  in  3'able  11.  Radiance 
profiles  within  the  a  -  to  25 -mi  ron  region  were  generated  for  ten  different 
sets  of  conrlitions  within  the  Arctic  twinte-l.  and  five  sets  of  londilion.s  in 
the  other  region  -  se  isons .  Th*.  largest  '-.adi ance  variation.^  .at  the  .higher 
altitudes  were  ob.served  in  the  3-micrnn  H^O  al'scn-pt.on  hand.  'I’lie  mean 
radiance  md  standar  i  flevi  inon  for  this  baiufat  70  km  .are  given  in  T.-dile  12. 
The  large  vari  ibilitv  <  an  he  oh^. from  loe  ugh  jiercenl  standard  deviation 
a.s  compared  to  the  mem,  p.rtn  ularly  in  the  .Aritii  region,  'llu  radl.nnce 
vari.ntions  in  the  0.  5  mu  ron  H'j< )  ha.nfi  will  ('«•  ti;:(*'l  later  to  di^rive  sample 
statistic.s.  However.  thr‘v  !!•••  not  sufficieni  sinte  there  is  Mo  information 
regarding  hi  w  far  ipirt.  in  eith<  r  -p.o  i-  or  time,  the  different  sets  of  condi¬ 
tions  .should  be  pi  ice/!  ( "or -e latom  ^^udles  will  !-e  presented  in  the  next 
three  sub.seelions  whi/h  -e]  .m  to  t!iis  (pn*,- tion. 


.3.1.2  Temperature 

Temperature  is  related  direr'Jy  to  radianee  in  the  low-altituric  model 
since  local  thcrmodyn.amtc  equi/.'-num  is  assumed.  Spatial  and  temporal 
variations  in  rafhance,  for  rx.-imple,  will  largely  be  determined  by 

temperature  varfations  since  th-'  on.entralion  is  assumed  con,«tant.  Within 
the  altitude  range  of  intere-it.  the  maximum  temperature  occurs  near  the  50- 
km  altitude.  An  example  of  temperature  variations  with  latitude  in  .Tanuary 
is  .shown  in  Figure  2H  The  mean  temperature  increases  as  the  tropical 
region  is  approached,  with  maximum  variations  about  the  mean  on  the  order 
of  ±  2..5''K.  Since  .-ipatial  gradients  are  of  interest  to  the  operational  system 
in  terms  of  background  noise  characteristics,  the  variations  about  the  mean 
value  will  be  emphasiced  in  this  and  the  following  subsection.c. 

To  determine  the  signifimnre  of  a  ±2 .  5  K  temperature  differential, 
radiance  variations  were  correlated  with  temperature  at  12  microns  by  using 
the  •ovv" •  altitude  model.  It  was  found  that,  for  absolute  temperatures  near 
260''  K,  a  r  K  temperature  differential  resulted  in  a  radiance  variation  of 
about  10^  of  the  mean  value.  Thus  a  ±  2. 5'K  temperature  increment  would  be 
expected  to  cause  a  ±  2?i‘f  radiance  variation  at  12  microns,  which  is  significant 
in  term.s  of  the  goals  of  this  measurement  program. 
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Table  11.  Low -Altitude  Atmospheric  Mcdel  --  Geograph 
Seasonal  Data  Variations 
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Table  12.  Lov,*-Altitude  Atmospheric  Model  - 
Statistical  Radiance  Variations 


Geography 

and 

Season 

Spectral  Radiance 
(watt/ cm2- ster-micron) 

Standard  Deviation 

Mean 

Standard 

I3eviation 

as  a  Percent 
of  the  Mean 

Arctic 

Winter 

14.6  X  lO’^ 

13.  8  X  10“'^ 

95 

Arctic 

Summer 

8,  0  X  lO'^ 

7.  35  X  10-9 

83 

Temperate 

Winter 

11.  2  X  lO"^ 

4.  2  X  10‘^ 

38 

Temperate 

Summer 

9.4  X  10‘" 

6.  1  X  lO"^ 

65 

Tropical 

(annual) 

8.9  X  lO"^ 

5.  5  X  lo"^ 

62 

Note:  Wavelength  Region  -6.3  micron,  H„0  Band 
Altitude  -  70  km 
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Figure  28.  Atmospheric  Temperature  Variations  with  Latitude 


DATE  -  JAN.  20,  1965 
ALT. -50  KM 

LATITUDE  RANGE  -60*  TO  75* 


LARGEST  VARIATION 


Figure  29.  Atmospheric  Temperature  Variations  with  Longitude 
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It  can  also  ite  seen  from  Figure  28  that  a  temperature  differential  of  ±2.5'’ 
K  can  occur  over  spatial  increments  as  small  as  7  deg  (latitude)  or  about  800 
km. 


Longitude  variations  in  temperature  about  the  mean  in  polar  latitudes 
are  about  the  sar  .e  magnitude  as  latitude  variations,  however,  they  occur  at 
distances  on  the  order  of  2000  km  as  seen  in  Figure  29. 

Seasonal  variation  of  temperature  gradients  in  the  Arctic  region  have  been 
computed  from  analyses  published  by  A.  J.  Kentor  (Ref.  3).  These  tem¬ 
perature  gradients  are  computed  over  a  15-deg  latitude  increment  and  are 
shown  in  Figure  30.  A  semiannual  variation  is  clearly  evident  with  the  largest 
gradients,  greater  than  0.5  K  per  degree  latitude,  occuring  in  the  winter 
(.January,  February)  as  well  a.s  the  summer  (May-.Tuly). 


3.1.3  Radiance  Variations 

Limb  radiance  variations  in  the  14-  to  Ifi-micron  CO2  band  have  been 
studied  extensively  for  horizon  sensor  application.s.  In  terms  of  this  program, 
however,  previous  analyses  have  been  concerned  with  variations  at  higher  flux 
levels  and  lower  tangent  heights.  Two  such  studies  which  included  correlation 
distances  and  times  were  performed  by  Honeywell  (Ref.  4)  and  Sperry 
Gyroscope  (Ref.  5).  Hoth  studies  were  concerned  wdth  radiance  at  the  10 
millibar  level  or  generally  from  a  30-  In  40-km  altitude. 

During  the  Horizon  Definition  Studies  at  Honeywell.  ccrrel.?tion  coef¬ 
ficients  were  computed  in  the  residue  variations  in  absolute  radiance  after 
removing  systematic  variations  through  a  curve-fitting  process. 

Correlation  analysis  was  performed  on  more  than  1000  synthesized  radi¬ 
ance  profiles  on  a  global  basis.  Significant  results  in  terms  of  absolute 
radiance  are: 

•  Temperature  is  highly  correlated  with  absolute  radiance 
at  10  mb. 

•  Correlation  distances  were  on  the  order  of  800  to  900  km 
(see  Figure  31). 

•  Correlation  times  were  on  the  order  of  15  days. 

•  A  strong  frequency  component  was  observed  for  periods 
of  from  50  to  75  days. 

•  Diurnal  variation  was  insignificant. 
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Figure  31.  Autocorrelafuui  I  unction  for  1  r)-micrf)n  r()2  Haciiance, 
Februarv  -  30  -  40  km 


Other  Htudies  (Ref.  "))  were  performed  on  the  absolute  variations  of  IS- 
micron.  CX)2  radiance.  These  studie.«  indicate  representative  correlation 
lengths  on  the  order  of  2300  nm  fapproximately  40  deg  on  the  earth)  and  cor¬ 
relation  time.=5  ranging  from  7  to  13  day.s. 

Two  conclu.sions  drawn  from  the  re.cuUs  of  the.=c  two  correlation  studies 

are: 

•  Regional  grouping  of  arctic,  temperate,  and  tropical, 
provides  high  assurance  of  data  independence  even  in 
term.s  of  absolute  radiance  variations. 

•  Data  collected  within  a  period  of  less  than  one  week  is 
e.xpected  to  be  highly  correlated. 

•  Data  taken  clo.ser  together  than  approximately  800  km 
are  highly  correlated  and  cannot  be  treated  as  independent 
samples. 
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3.1.4  Horizontal  and  Vt-rtical  Distributions 

Using  the  low-altitude  atmospheric  model,  horizontal  and  vertical  radiance 
distributions  were  computed  for  limb  viewing  conditions.  Horizontal  radiance 
distribution,  in  this  case,  shows  how  energy  accumulates  along  the  line  of 
sight  in  a  horizontal  direction.  The  data  shown  in  Figure  32  is  a  typical  dis¬ 
tribution  for  radiance  in  the  15-micron  CO2  absorption  band.  The  largest 
fraction  of  the  total  radiance  observed  by  an  exatmospheric  sensor  is  con¬ 
tributed  by  atmo.sphere  near  the  minimum  tangent  height.  As  (he  horizontal 
dimen.sion  H))  expands  about  (he  minimum  tangent  height,  the  contribution  to 
the  total  radiance  decreases.  A  shift  to  the  left  in  the  horizontal  distribmion 
is  rau.sed  by  the  large  absorption  for  a  longer  slant  path.  It  can  be  seen  that 
a  total  horizontal  dimen.sion  of  1000  km  is  sufficient  to  account  for  the  total 
radiance  when  the  limb  is  viewed  at  a  minimum  tangent  height  of  fiO  km. 

Therefore,  if  measurements  are  made  at  the  same  azimuthal  position, 
a  separation  of  1000  km  on  (lie  surface  will  be  sufficient  to  ensure  that 
redundant  mea.siirement s  are  not  made  on  the  same  set  of  atmospheric 
constituents.  It  i.<  exfiecteti  that  (his  distance  would  he  somewhat  larger  in 
atmospheric  window  region.s  and  at  higher  altitudes. 

The  corresponding  r.idianre  distribution  with  altitude  is  given  in  Figure  33. 
■Since  the  minimum  tangent  height  is  00  km.  there  will  he  no  contribution  to 
the  total  radiance  at  lower  altitiidefj.  The  distribution  is  sharply  peaked  near 
the  minimum  tangent  height,  with  of  the  total  radiance  accumulated  between 
the  altitude  limits  of  00  to  07  km. 


3.1. .5  Ozone  Concentration 


V''ariations  in  ozone  concentration  will  cause  vnrintion.s  in  limb  radiance 
in  the  9.G-micron  absorption  band.  Spatial  and  temporal  variations  in  oz.one 
concentration  have  been  studied.  (Ref.  0).  by  means  of  Umkehr  data  on  alti¬ 
tudes  up  to  45  km.  Eleven  stations  throughout  the  world  reported  data  on  a 
yearly  basis:  n  .sample  of  results  for  the  three  North  American  stations  is 
given  in  Figure  34.  The  ozone  concentration  latitude  gradient  betw'een  the 
various  stations  was  computed  on  a  monthly  bnsi.s  and  is  shown  in  Figure  35. 
The  North  American  stations  had  the  largest  gradients,  up  to  1 . 5  x 
molecules  per  cm^  per  degree,  and  showed  a  semiannual  .-'ycle.  In  this  case, 
the  spring  and  fall  seasons  produced  the  largest  gradients.  To  determine  the 
influence  of  ozone  concentration  gradient  on  9.  fi -micron  radiance,  a  number 
of  atmospheric  conditions  were  compared  using  the  low-altitude  model. 

It  was  found  that  a  10^  change  in  concentration  results  in  a  change  in 
radiance.  Thus,  during  the  spring  and  fall .  a  25^  change  in  9.  fi-micron  radi - 
ance  may  be  expected  over  a  3-  to  5-deg  latitude  increment  v/ith  respect  to 
the  North  .American  stations. 
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Data  from  the  eleven  stations  were  used  to  derive  the  spatial  correlation 
c^fficient  of  ozone  concentration  gradients.  The  results  are  shown  in  Figure 
JB.  This  curve  represents  the  best  fit  through  a  relatively  small  number  of 
data  points  within  a  longitude  spread  of  2000  km  In  this  case,  a  correlation 
distance  for  ozone  of  about  600  km  is  indicated. 


F  igure  36.  I-ongifudinal  Correlation  in  Cizone 
Concentration  / 

Autocorrelation  and  crosscorrelation  functions  were  derived  using  data 
''arious  stations  to  determine  the  sea-sonal  correlation  time.  ^ Two 

North  American  stations  are  shown 

rnJr^i  r  ^ V  functions  snow  the  shortest  and  longest 

correlations  times  found,  namely  from  two  to  four  months. 


The  diurnal  variation  in  ozone 
Hunt  (Ref.  7).  According  to  these 
concentration  occurs  at  an  altitude 
sunset  and  sunrise  (see  Figure  39) 
predict  large  diurnal  changes  in  9. 
large  change  in  radiance  (nearly  a 
near  90  km. 


concentration  has  been  estimated  byB.  G. 
estimates,  the  largest  diurnal  variation  m 
of  76  km  and  involves  rapid  ohsuiges  near 
The  atmospheric  radiance  model  does  not 
6-micron  radiance  at  this  altitude;  however, 
factor  of  3)  io  predicted  for  tangent  heights 
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Figure  38.  Crogscorrelation  of  .Ozone  Concentration  Between 
41“N,  lOS'W  and  Sl'TSI,  80.  5W  (Fort  Collins  and 
Moosonee) 
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Figure  39,  Diurnal  Variation  of  Ozone  (from  7) 


3.2  NUMBER  OF  PROFILF.S  PER  FLIC. FT 

A  number  of  considerations  are  involved  with  the  specification  of  how 
many  profiles  are  to  be  collected  on  each  flight.  They  are: 

•  Spacing  between  profiles 

•  Vertical  extent  -f  profiles 

•  Maximum  scan  rate 

•  Total  time  of  flight 


The  approach  used  here  to  specify  the  spacing  between  profiles  is  designed 
to  ensure  a  spacing  sufficiently  wide  that  each  profile  can  be  considered  an 
independent  piece  of  information.  To  do  this,  it  is  necessary  to  ensure  that 
each  profile  is  separated  by  at  least  one  correlation  distance.  The  correla¬ 
tion  distance  in  terms  of  gradient  structure  in  the  lower  atmosphere  has  been 
estimated  in  the  previous  subsection  to  be  in  the  range  of  600  to  900  km 
depending  on  constituent  per  wavelength. 

During  a  given  probe  flight,  it  is  expected  that  measurements  will  be 
taken  throughout  a  vehicle  altitude  rang?  from  100  to  300  km.  In  this  altitude 
range,  the  circumference  on  the  horizon  changes  from  7000  to  11,000  km. 

Based  on  the  assumptions  that: 
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(1)  most  profiles  are  collected  at  the  higher  altitudes 
(horizon  circumference  ^10.000  km^  and 

(2)  correlation  distances  of  gradient  structure  in  the  upper 
atmosphere  will  be  larger  (^1000  km)  than  in  the  lower 
atmosphvere 

the  number  of  profiles,  spaced  evenly  throughout  one  complete  azimuthal 
revolution  is  10,000/1000  =10.  In  terms  of  azimuth  angle,  the  profiles  are 
36  deg  apart. 

In  this  way.  uniform  samplinje  'S  provided  in  all  directions  from  the 
vehicle  position  with  reasonable  assurance  that  each  profile  w’ill  represent 
an  independent  sample.  This  specification  is  not  necessarily  a  fixed  require¬ 
ment  for  all  flights.  For  example,  if  after  the  first  one  or  two  flights,  the 
estimates  are  found  to  be  inaccur-ate  it  is  not  difficult  to  reprogram  the 
vehicle  control  system  to  provide  a  different  azimuthal  spacing.  Nevertheless, 
it  will  be  assumed  for  purposes  of  this  study  that  1C  profiles  per  flight  represents 
a  reasonable  goal,  and  this  number  will  be  used  during  further  analyses. 


3.3  SCAN  PATTERN 

Since  the  scan  motion  must  be  provided  by  some  means  external  to  the 
radiometer  itself  (internal  .scanning  mirrors  are  not  recommended),  it  is 
desirable  that  the  pattern  be  ns  simple  as  possible.  In  this  way,  unnecessary 
mechanical  constraints  are  minimized  as  is  the  impact  on  vehicle  dynamics. 

The  objective  of  each  flight  is  to  collect  10.  evenly  spaced,  vertical 
profiles.  A  vertical  profile  involves  scanning  the  field  of  view  from  the  hori¬ 
zon  to  a  horizontal  direction.  For  a  vehicle  at  a  300-km  altitude,  the  vertical- 
angle  requirement  is  somew'hat  more  than  17  deg  and.  to  allow  for  a  ±  1.5- 
deg  attitude  control  tolerance,  a  20-deg  vertical  scan  is  specified. 

Scan  rate  limitations  which  result  from  vehicle  and  sensor  studies  are: 

•  Maximum  scan  rate  to  maintain  radiometer  sensitivity 
=0.6  deg/sec. 

•  Maximum  rate  of  vehicle  rotation  between  profiles  =3  0 
deg/sec. 

A  simple  scan  pattern  which  collects  the  required  data  with  high  efficiency 
is  shown  in  Figure  40.  In  this  case,  each  vertical  scan  consumes  about  33  sec, 
and  12  sec  are  consumed  between  profiles.  For  one  complete  revolution  col¬ 
lecting  10  vertical  profiles,  the  total  required  time  is  330  +  108  =  438  sec. 

This  total  time  is  compatible  with  the  time  available  above  100  km  using  a 


64 


UNCU^SIFIED 


SECRET 


(U)  Nike -boosted  Black  Brant  VC  probe  vehicle.  This  vehicle  provides  about 
^80  sec  of  measurement  time  thus  a  10^ time  margin  is  available  which 
should  be  sufficient  for  turn-around  maneuvers. 

(U)  With  the  same  scan  pattern,  a  total  of  eight  vertical  profiles  could  be 
collected  using  the  Black  Brant  VB  vehicle.  .An  alternate  scan  pattern 
which  provides  for  data  collection  both  in  a  vertical  and  a  horizontal  direction, 
is  shown  in  Figure  41.  Data  collected  while  scanning  in  a  horizontal  direction 
would  be  a  useful  addition  to  the  total  set,  since  an  operational  detection 
sensor  would  scan  in  this  mode.  The  line-of-sight  would  be  positioned  from 
1  deg  to  2  deg  above  the  earth's  horizon  during  horizontal  data  collection  to 
provide  data  on  horizontal  gradient  structure  near  the  tangent  heights  of 
interest  to  this  program.  Since  the  sen.sor  instantaneous  field  of  view  is 
larger  in  a  horizontal  direction,  the  horizontal  scan  rate  can  be  increased  by 
a  factor  of  3  to  maintain  the  mintmuni  dwell  time. 

(U)  .At  the  top  of  the  .scan  pattern  horizontal  separation  of  3G  deg  will  ensure 
independence  of  the  vertical  profile.-:.  .A  total,  of  eight  vertical  profiles  and 
about  180  deg  L.4a00  km)  of  horizontal  data  could  be  collected  in  40.8  .sec. 

With  a  Nike-boosted  Black  Brant  \'C‘  vehicle,  a  nearly  20^  margin  exists  for 
turn-around  maneuvers. 


3.4  NFMBFB  t)F  FI.IGHT.S 

(U)  The  approach  used  to  arrive  at  the  total  number  of  .samples,  and  therefore 
total  number  of  flights,  is  ba.sed  on  applicability  of  the  resulting  data  to 
operational  system  design. 

(.S)  The  detection  system  design  problems  of  interest  herein  can  be  stated 
generally  as  follows: 

•  What  is  the  prob.ability  that  a  target  detection  sensor  will 
encounter  a  level  of  background  radiation  sufficiently  high 
so  as  to  prevent  detection? 

•  Under  what  conditions  of  geography  and  time  (diurnal  and 
season)  is  target  detection  impossible  due  to  the  high  level 
background  radiation'^ 

•  What  is  the  minimum  tangent  height  at  which  successful 
target  detection  can  be  accomplished  on  a  global  basis 
with  high  probability'’ 

(U)  These  three  questions  are  interrelated  and  form  the  b  sis  for  the 
sampling  analysis  which  follows.  The  sampling  analysis  in  this  subsection 
represents  a  statistical  approach  I  'ing  the  variance  predicted  from  the 
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low-altitude  model  to  derive  probability  estimation  errors  with  a  given  num¬ 
ber  of  samples.  In  the  next  subsection,  a  flight  plan  is  developed  based  on 
the  influence  of  solar  radiation  on  radiance  variations  in  the  upper  atmos¬ 
phere. 

Overall  conclusions  from  these  two  approaches  can  be  stated  as  follows: 

•  A  probe  vehicle  is  most  suited  to  the  collection  of  extreme 
value  data.  A  small  number  of  probe  flights  could  satisfy 
the  following  objectives: 

(1)  Verify  form  of  probability  distribution  at  low'  levels 
where  estimation  errors  are  compounded. 

(2)  Establish  bounds  on  requirements  for  subsequent 
satellite  flight  program. 

(3)  Provide  early  assessment  of  sensor  performance 
under  flight  conditions. 

(4i  Update  atmospheric  model  in  terms  of  high-altitude 
radiative  processes  and  constituent  distributions. 

•  The  atmospheric  model  can  be  used  to  provide  approximate 
launch  locations  and  times  for  collection  of  extreme  radiance 
data.  Independent  temperature,  solar  flux  and  geomagnetic 
index  would  be  valuable. 

•  A  probe  is  not  a  suitable  vehicle  with  which  to  collect  the 
complete  global  data  set  necessary  for  operational  system 
design. 


3.4.1  Statistical  Analysis  of  Radiance  Variations 

A  distribution  of  radiance  values  was  generated  for  the  lower-atmosphere 
model  using  the  program  developed  in  the  first  phase  of  this  study  and  40  sets 
of  input  data,  covering  climatic  and  constituent  distribution  extremes.  These 
data  were  summarized  in  Table  12. 

For  simplicity,  the  mean  and  variance  over  a  climatic  zone  (Artie,  tem¬ 
perate,  and  tropic)  were  examined  rather  than  the  distribution  proper.  Using 
the  sample  mean  as  an  estimate  of  the  population  mean,  the  functional 
dependence  of  accuracy,  confidence  limits  and  number  of  samples  was  dirived. 
The  same  approach  was  used  to  derive  accuracy  and  confidence  limits  for  the 
sample  variance. 
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(U)  The  statistical  analysis  made  herein  is  in  terms  of  the  variance  expected 
in  the  limb  radiance  of  the  G.  3-micron  H2O  band  at  an  altitude  of  70  km.  This 
band  produced  the  largest  varianv^e  and  vvuuld  lead  to  a  ton»ervative  sampling 
requirement , 

The  basic  approach  developed  in  this  subsection  can  be  slated  as  follows: 

•  Given  a  finite  sample  (N)  of  -adiafue  profiles,  assume  file 
population  of  all  radiation  profiles  is  normally  distributed 
'Ailh  mean  u  and  variance 

®  Kit  a  normal  distribution  througii  tlic  data  points  and 
estimate  u  and  r"  • 

•  E.\trapolate  using  the  ^ittcd  di  st  ri  iiution  to  probability  levels 
of  mterenl  to  l.he  operational  .system,  i.e.,  it  probability 
that  background  exceeds  target. 

•  lletermine  the  error.-:  in  esflni,it>ng  prniiabilitN  in  lerin.s  of 
the  total  numlier  of  samples  (N). 

(I’l  The  inputs  to  thi  ^  proc  are  the  mean  and  variance  of  Die  radiance 
predicted  from  the  low-altitudc  model  who  it  w<*re  given  in  Table  12-  7'he 
Arctic  and  temperate  regions  are  suiigroujX'd  into  two  seasons,  winter  and 
summer,  wiiich  represent  ♦iie  nnnual  extremes  in  Die  model.  No  seasonal 
variation  is  programmed  for  the  tropical  region. 

(ID  Dat.a  independence  i?  rea.son  ibly  a.«sured  with  seasonal  grouping  since 
few  of  the  correlation  or  gr.adient  structure  studic.c  of  section  3.  1  indicated 
correlation  times  greater  than  a  period  of  three  months.  In  addition,  using 
the  winter  and  summer  seasons  to  represent  the  data  ortremes  is  consis¬ 
tent  with  temperature  gradient  data  and  tiiereforo  Ifi-mirron  COo  radiance. 

In  terms  of  or.onc  concentration,  the  maximum  gradients  were  observed  in 
the  spring  and  the  fall  seusor.,s  over  North  America.  However,  in  all  other 
regions,  the  gradient  structure  .showed  little  seasonal  dependence. 

(S)  The  numerous  atmospheric  combinations  available  within  the  model  were 
assumed  to  be  independent  and  were  programmed  to  yield  ’-adiai  ce  profiles. 
The  mean  and  the  standard  deviation  of  radiance  variations  at  the  70-km 
altitude  was  computed.  It  ran  be  seen  from  Table  12  that,  for  all  regions/ 
seasons,  the  mean  and  standard  deviation  in  radiance  repre.cent  significant 
values  in  terms  of^the  noise  equivaient  -adiance  fNER)  in  this  band  (NER  - 
2  X  10*^®  watt/cm*- -ster-mirron>.  Since  the  NER  is  based  on  the  reference 
target,  it  is  concluded  that  the  five  regions/seasons  r.equcntly  produce 
radiance  variations  in  the  order  of  50  to  150  times  the  target  level  and  there¬ 
fore  must  be  included  in  a  minimum  progr.^Tn  to  collect  a  meaningful  global 
sample. 
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Standard  utatistical  methods  were  used  to  derive  estimation  errors  for 
a  given  sample  size.  The  assumption  involved  with  these  methods  is  that 
the  population  is  normally  distributed.  The  two  population  parameters  esti¬ 
mated  from  the  sample  data  are  the  mean  (u)  and  standard  deviation  (o). 

,  The  population  mean  (u)  is  estimated  to  lie  the  sample  mean  x  with  con¬ 
fidence  limits  established  by  the  Student's  t  distribution.  If  s  is  the  sample 
standard  deviation  then  the  estimation  error  is  determined  by  ti.e  inequality 


(x  '  u)  V  N  l 


where 


N  =  sample  size 

m^  1  -  confidence  level 

e.stim.-ifed  to  be  the  sample  variance  (s^) 
n  »>y  <he  chi -square  distribution  with  N-1 

g  of  freedom.  In  this  case,  the  following  inequality  is  used: 


N* 


s 


<t‘ 


2 


X, 


h  '2  .2 

w  ereXj  andXj  are  set  '  y  the  confidence  level. 

Using  the  mean  and  standard  deviation  for  the  Arctic  winter  case  the 
two  errors  were  determined  at  the  80^  confidence  level.  These  errors  are 
shown  for  sample  sizes  from  10  to  00  ,n  Figure  42.  For  purposerof  esti - 
mating  probabilities  beyond  the  or'  Tma  point,  the  total  error  will  be  the 

^  '  standard  deviation.  For  a 

collects  10  independent  profiles. 

the  total  radiance  error  at  the  80^  confidence  level  is  nearly  100€, 

'i’!t‘"g^'shed  from  the  radiance  error  on  any  given  profile 
which  IS  ret^ermtned  by  instrument  calibration.  The  radiance  LmplinS  error 
reiaifcs  to  the  aoility  to  fit  a  normal  distribution  to  the  sample  profiles^and 
I  ts  accuracy  in  terms  of  the  expected  population  mean  and  variance.  To 
the  total  sampling  error  to  the  order  of  the  calibration  error  (lOO 

the  order  of  fiOO  to  700  samples.  The  other  regions/ seasons 
are  expected  to  require  fewer  samples  but  not  significantly  in  terms  of  a  probe 
program  where  only  10  profiles  are  collected  per  flight.  ^ 
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(S)  The  radiance  .sanipltttj!  erri'r  ran  i  e  related  to  proi)al)ll itv  estimation 
errors  throuch  the  use  of  future  43.  !  h<*se  curves  .show  the  error  in  esli- 

m.itinj;  how  often  the  backt^rounti  ex<  e#-ds  the  tarp<-t  level  as  a  function  of  total 
radiance  error.  For  ('xample,  if  it  is  significant  that  the  background  I'xcceds 
the  target  of  the  time  for  a  given  operational  .sy.stom,  then  data  collected 
from  a  single  flight  in  the  arctic  winti  r  (lOO'v,  radiance  error)  will  lead  to 
errors  in  estimating  that  probability  le-vei  which  are  considerably  in  exebss 
of  a  factor  of  10.  To  reduce  this  error  to  Jess  than  a  factor  of  2  would 
require  about  a  10%  radiance  error  and  (>00  to  700  samples. 

(U)  This  situation  applie.s  for  the  most  part  to  the  other  regions/seasons  as 
well.  On  tliis  basis,  the  total  number  of  vehicles  required  to  sample  the  five 
regions/ seasons  would  he  on  the  order  of  300.  Tiie  obvious  conclusion  is 
that  a  probe  flight  program,  as  structured  in  this  report,  is  not  suitable  for 
the  collection  of  a  global  sample  of  data  such  that  the  total  population  can  be 
estimated  within  tolerable  accuraev  bounds. 

(U)  On  the  other  hand,  a  probe  flight  program  would  be  useful  to  sample 
radiance  extremes  to  the  extent  that  the  extreme  condition.s  can  be  predicted 
in  advance.  As  such,  the  form  of  the  population  distribution  could  be  verified 
at  the  low  end  of  the  probability  scale  where  a  simple  "Gaussian"  assumption 
can  be  orders  of  magnitude  in  error. 

An  attempt  to  isolate  extreme  conditions  is  made  in  the  next  subsection  in 
terms  of  solar  input  flux  to  the  upper  atmosphere. 
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3.4.2  Solar  Radiation 

d')  Upper  atmospheric  radiance  levels  in  some  wavelength  regions  has  been 
clearly  related  to  the  level  of  solar  radiation  exciting  certain  molecular 
species.  The  large  diurnal  effect  which  results  has  been  discussed  in 
section  2,  7. 

(S)  In  this  subsection,  the  variations  in  solar  radiation  as  well  as  solar  dis¬ 
turbances  are  examined  in  terms  of  their  influence  on  a  flight  measurement 
program.  Very  little  i.s  known  about  the  effects  of  solar  disturbances  on  LWIR 
radiance  with  the  exception  of  the  correlation  of  the  USSR  data  with  geomag¬ 
netic  index.  As  a  result,  solar  disturbances  are  considered  to  be  of  secondary 
importance  in  e.stablishitig  a  Tight  program  based  on  probe  vehicles. 

Temporal  and  Cie.ornetnr  (  haracteristics  of  Solar  RadiaUon  --  (U)  Uecause 
solar  radiation  has  a  HomTnarit  inflccnc**  on  the  excitation  state  of  the  earth's 
atmosphere,  attention  has  h<  en  givt  n  to  def.aing  solar  illuminance  with  respect 
to  the  location,  tuning,  ari<l  altitude  <if  sounding  rockets  for  limb  radiance 
measurement. 

(U)  Kigure  44  .shows  the  laily  ir.iegra’ed  solar  radiation  reaching  a  unit  hori¬ 
zontal  area  at  the  top  <>f  the  umosphere  for  diffiTcnt  latitudes  and  month's  of 
the  year. 


Figure  44.  Daily  Solar  Radiation  at  Top  of  .Atmosphere  (U) 
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i..  jection  of  Figure  44  shows  the  constancy  of  equatorial  irradiance,  the 
greet  range  of  radiation  levels  occurring  at  winter  solstice,  and  the  effect 
continuous  radiation  at  Arctic  latitudes  in  summer. 

The  intensity  of  solar  radiation  at  the  earth  is  proportional  to  tlie  sine  of 
the  solar  altitude  anf'le  and  is  plotted  for  the  morning  hours  at  different  lati¬ 
tudes  and  times  of  year  in  Figures  45,  4(>  and  47.  These  plots  show  the  inter¬ 
val  and  magnitude  of  solar  radiation  onset  from  sum  jC  to  noon.  The  approxi¬ 
mate  symmet.oy  of  the  solar  ascent  and  descent  about  noon  permit  these  p’ols 
lo  be  used  to  describe  the  solar  radiation  decline  toward  sunset  as  well.  Ihe 
rates  of  radiation  onset  after  sunrise  are  seen  to  be  faster  at  low  latitudes, 
and  equinoctial  rates  e  faster  than  solstitial.  Particularly  long  onset 
periods  occur  m  nort^’crn  latitudes  at  summer  solstice.  The  noon  maxima 
var>  from  I  to  2'^o  of  hat  occurring  with  sun  zonitii  at  latitudes  just  below  the 
.Arctic  Circle  at  winter  .solstice  to  the  80  to  100%  range  at  temperate  and  tropic 
latitudes  at  summer  solstice. 

it  is  seen  that  solar  radiation  rate  at  the  polar  region  at  summer  solstice 
is  less  than  that  for  lower  latitudes.  However,  this  region  is  of  interest  for 
limb  radiance  measurement  because  of  its  continuous  light  and  dark  periods. 

In  addition,  liic  so-called  auroral  zone,  a  ring  of  substantial  width  centered 
about  the  geomagnetic  pole  (75  N,  101  .S),  is  of  observational  interest.  In  the 
nortliern  hemisphere  this  zone  lies  '•oughly  beiw'een  geomagnetic  latitudes 
60'^N  tc  70  N  with  most  of  die  land  ar»'a  undern«fath  lying  i.-  northern  Canada. 
The  potential  occurrence  of  noctilucent  cTt-jds  in  this  region  further  empha¬ 
sizes  the  interest  in  arctic  measurements. 

In  summarv,  lacking  specific  infcrniation  as  to  the  rate  of  atmospheric 
reactions  to  incident  sunlight,  it  seems  rer  jnalile  to  presc  ribc  measurement 
irtex  vals  which  sample  thf’  atmosphere  periodically  according  to  the  amount 
of  radiation  prevailing,  t  onditions  of  interest  would  be  as  follc’ws: 

•  Newly  Eradiated  atmosphere 

•  Peak  irradiance 

•  Newly  darkened  atmosphere 

9  Nocturnal  atmosphere 

Solar  Disturbances  --  Solar  disturbances  give  rise  to  transients  in  the  energy 
distribution  of  the  atmosphere.  The  increase  in  high-energy  photon  flux  from 
disturbances  can  result  in  immediate  changes  in  the  ionosphere  throughout  the 
sunlit  hemisphere.  Increased  corpuscular  radiation  flux  produces  changes  in 
a  period  of  days  after  the  disturbance  whic  h  are  evident  equally  in  the  sunlit 
and  dark  hemispheres. 

In  addition  to  sudden  ionospheric  disturbances  c  aused  by  rectilinear  rarii- 
at'on  emitted  during  flare.s,  there  are  subsequent  ionospheric  and  magnetic 
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Figure  46. 


Sine  of  Solar  Altitude,  Summer  Solstice 
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disturbances  produced  by  corpuscular  radiation.  This  form  of  radiation  can 
have  sporadic  or  recurrent  terrestripl  effects  depending  on  whether  the  emis¬ 
sion  is  short-lived  or  long-lived  with  respect  to  the  sun  rotation  period.  The 
evidence  connecting  solar  events  with  storms  is  statistical  and  circumstantial: 
apparently  though  nearly  all  major  (2+  or  greater)  flares  occur  near  sizable 
sunspots,  and  about  half  of  the  major  flares  are  followed  within  three  days  by 
a  magnetic  storm.  (Storms  are  denoted  by  a  high  daily  magnetic  index  -  a 
parameter  founded  on  field  variations  over  three-hour  intervals  throughout  the 
day).  Solar  sources  of  recurrent  storms  have  not  been  fully  id.-ntified  and 
there  are  i  idications  that  weaker  magnetic  fields,  not  associated  witli  sunspots, 
may  be  the  cause. 

Thus,  during  quiet  sun  vears,  storm  .activity  is  appreciable;  the  maximum 
storm  activity  appears  to  occur  two  years  after  the  year  of  maximum  sunspot 
number  (about  th*-  end  of  1970  in  the  present  cycle). 

Ionospheric  storms  are  nearly  always  associated  with  magnetic  ctorms, 
the  disturbance  can  last  several  hours  or  even  days,  and  the  effects  are  observ¬ 
able  on  the  light  and  dark  sides  of  the  earth  equally.  All  regions  of  the  iono¬ 
sphere  are  involved,  with  change.s  occurring  in  temperature,  atmospheric,  icn, 
and  edectron  densitms,  ionospheric  curremts,  etc.  In  general,  the  storm 
phenomena  .,r«?  dependent  on  t.he  earth's  magnetic  field,  and  at  high  latitudes 
aurora  rnav  occur  along  with  alterat lon.s  of  idectron  number  densities  in  the 
ionosphere  and  the  derivatior,  of  "havs"  on  standard  magnetogram  records.  At 
the  geomagnetic  equator  a  decrease  occurs  in  the  horizontal  magnetic  field  com¬ 
ponent  with  relatively  little  ionospheric  disturliance  either  at  the  equator  or 
polar  regions. 

It  is  known  that  atmosohenc  disturl'ance.s  resulting  from  solar  activity  may 
occur  virtually  simultancouslv  on  the  occurrence  of  an  optically  observable 
event,  or  mav  occur  with  a  time  lag  of  days  after  such  an  event.  Despite  the 
vears  of  study  about  t.he  effects  of  solar  activity  on  high-frequency  radio  com¬ 
munications,  there  is  a*  present  no  wa>  to  predict  the  day-to-day  variations 
of  the  atmosphere.  Such  predictions  are  onlv  for  average  conditions  expected 
within  a  given  month. 

The  random  nature  of  flare  occurre'nce,  the  relative  infrequency,  of  larger 
flares  capable  of  disturbing  the  atmosphere,  and  the  fact  that  they  can  be  pre¬ 
dicted  only  on  a  statistical  basis  makes  correlation  wil’n  a  prrjbe  measurement 
difficult.  Predictions  of  atmospheric  disturbanees  thought  to  be  attributed  to 
the  so-called  "M”  regions,  weak  magnetic  field  locations  not  linked  to  the  high- 
field  regions  adjacent  to  the  sunspots,  would  be  of  tenuous  nature  as  well  al¬ 
though  there  mav  be  2  7-dav  periodicity  associated  with  sun  rotation.  Routine 
observations  and  reporting  of  solar- associated  events  include;  daily  sun  map¬ 
ping,  ionosonde  and  magnetogram  monitoring  \VW\  broadcasts  of  radio  propa¬ 
gation  conditions  and  geoalorts,  daily  forecasts  bv  the  World  Warning  Agency, 
and  K.S'^A's  monthly  Ionospheric  Predictions. 
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.  .  5,°  c-oincidentallv  with  solar  disturbances  has  precedent""  but 

IS  difficult  because  of  the  random  nature  of  the  disturbances  and  short  flieht 
fo?  rocket.  It  does  not  appear  desirable  to  assign  a  rocket  S|>ecificillv 

loL r  ^  measurement  during  sudden  disturbances,  and  probably  not  for  gradual 
solar  events.  Cieneralh.  day  and  night  measurements  will  encompass  a  range 
of  atmospheric  excitation  states,  as  indicated  by  ionospheric  ion/edectron  con- 
centrations.  comparable  to  those  accompanying  auroras  and  magnetic  variations 
resul  ing  from  solar  disturbances.  The  limb  measurement  program  should 

^«^ans  for  measuring  ionization  levels  over  tiic  region  of  observations, 
rhl.t  can  be  done  by  onboard  electron  <  ounters  and  remote  ground  lonosonde 
measurements.  n  this  wav,  I.WIH  mea.sureinems  can  be  correlated  Jith  elec¬ 
tron  densities  and  airnuspheru  ionization  lew  Is  at  various  locations  and 

dXtltUCiCS , 

Solar  Hares  are  sudd»  n.  short-lived  brightenmgs  of  the  sun  surfaces  m 
the  region  ot  a  sunspo'  producing  increased  ultraviolet  and  x-radiations  and 
resulting  in  simultaneous  lonizat kj.-i  erihaiicenunt  m  the  sunlit  hemisphere  of 

'  nhatu  emeiit,  or  sudden  ionospheric  disturbance 
"  produces  radio  transmissi  i.n  effects  and  augmentation  of  tlie  earth's 
magnetic  field.  Most  SID  phenomena  lag  F>  or  10  minutes  hc-hind  the  flare 
maximum,  although  n.agnetie  -ff.CH  are  .seen  mure  quicklv  and  are  usiiallv 

fromT'  ‘  'r  nar.  ,  Heturn  to  normal  mav  take 

from  I minutes  to  liours. 

Sun  maps  are  puhli.shed  d:ul>,  and  , shout  "OT  of  the  solar  Hares  are  heinr 
observed.  F- lares  are  (  las>if!ed  as  to  .size  and  onlv  those  of  large  size  have  ^ 
accompanying  SID's.  Krequenrv  md  duration  of  Hares  are  shown  in  Table  I3. 

1  able  13.  Solar  I  lare  f  requem  \  and  Duration 


(  lass 

' 

Duration  <r 

Ti  unites  ) 

1 

1  Treoutnrv  of 

V  tecurrence 

i _ 

Po.ssible  Flectron 
I.nhancement  at 
f'O-km  Height 

\v*Tage  j 

R  '.nge 

I  1 

1  20  r 

4-43 

0. 044  R 

2.  • 

•) 

30  j 

I0-!*0 

0.  01  .S  R 

4.  .S 

3 

uo 

1 

.0-  I 

0. 002  R 

7.  0 

3‘ 

/ 

1  80 

■'0-430 

0.  4 

H 


sunspot 
n  urn  her 


I  ^  poricKl  IS  uist  past  the  time  of  maximum  sunspot  number 

Tf  wi-n  a  Predictions  of  TSSA  predict  an  R  of  beginning 

a  ra  r.f  n  -  /  ?  2  Hares  mav  occur  at 

JLIi! — of  0.  <  r>  to  1 .  -T  a  dav  m  this  biennium;  (  lass  3  at  a  rate  of  n  i  to  0.  2  a 


\RI.  used  Xike-Dracon  and  \ike-Asp  rockets  to  n.easure  x-rav  flur  pro¬ 
duced  hv  solar  Hare.s  prior  to  the,r  solar  radiation  monitoring  satrll  t,. 
program. 
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day.  Smee  J  Tevet;/ da7s''for  Us  night 

minutes  after  ut.serving  the  flare  opticalh  and  ith  the  benelii  onn  o 
tical  predictive  technique. 


3.4.3  Uocket  Probe  haunt !i  Sites  and  (  overat;e 

It  w.mW  b..  d^H,rM^  I'lru.T.mb  ladTance  Vm-atu^e^bnb^Tn'^’’ 

axperiabCf  a.s  much  as  P“' ;,;^',;,Yaui„  h  h.u-s  and  locations  of  the  U.S. 
thus  connection,  I  able  .4  lists  5  ^  r.ationai  or  service  ranges, 

and  toreign  countries.  Mte.  in  t.u  I  .  ■  •  ..^„,,r,,.ncc  are  designated  in  the 

or  which  ha-e  considerable  rut  Ket  lan.tj  -.f.  P  '  ,  existing  support 

table  a.s  "e.s’ablished  '  Such  .sites  would  be  mod  iik<  in  to  na  foreign 

.services  r  ecessarv  fur  the  radiance  no'a.sur*  m«  nl  prog  . 
sites.  Fort  (  hurclull  would  ne  a  desirable  .site  b,  cause  of  its  lonsidcrahl 

rocket  launch  histor^  and  its  rtortio  rlv  location. 

S,„c..  aola-  cad, at, on  „  d,, .a,,'  haci..,  ,,. 

states,  earth  siirtai  e  temperatures,  ai  u  ^  ^  of  ],mb  radiance 

cxpc.„-l  that  ,  y  .;„„d„lar  ra,l,a,lon  character- 

nu,*asur**rn<*nts  wMulfi  tir  <  ni-»i  .♦  rat  i-  i*  lonnr'h  lati- 

lonc„u,le  - - -  the  ■■,.„re  .  .nr,-.  .'.cl 

over  the  liunch  sites  ,  an  ix  sclerted  to  giN«‘  vo  wing  i  o\erag<  «>.  a  range  o 
rur?ac..  Ivpem.a.-  t, ratu,  -c  and  rUl.  ,  <  do  ,a,.  .he  amount  „t  earth 

em  is  si  on. 

r  .1  f...  I  s  iciti  tu  all  ..f  which  ar«-“  within  10 

The  bntuu.le  coverage  .s  d  M,.  fiv--  I  .  sib  s  all  •  1  w  i  w,  a 

decree.s  of  latitude  of  one  rmoth*  r.  are  -vU  great Iv  difbre.v  .  ^  /irriic  ' 

Wallops  IS  the  most  northerlN  and  .afford=  ‘Ih  b*  st  opporlunitv.Jor  Art  li 

viewing.  Caee  Kennedv,  followed  bv  Kghn,  affords  the  best  opporlunilN  for 

troDir  v’lewing;  dthough  at  altitude.-;  above  300  Km  all  five  vieiv  into  1  e  regio 

where  zenith  solar  radiation  occurs  at  son  r  time  during  the  .ear. 

If  onlv  I-.s.  sites  are  to  be  considered,  the  small  differt-nce  in  latitude 

tVtti'-  •iir'fff'sts  tha*  onT,  one  site  peed  be  used  to  co'’er  the 
coverage  among  then,  cxUggf^ts  tna,  or.t  •  .>u  .-ni.  .  .  ^  ioi,nr-K  cite 

solar  radiation  field.  If  Kor‘  C  hurchill  ns  to  be  (  onsidered  as  a  launch  sit  . 
as  well  a  semtherh  site,  .such  a^  (  ape  Ifenr.edv  or  1  glm,  can  be  used 
ti^^nctinn  buorovide  full  hemisphere  coverage.  1  or  example,  the  gecgraphic^al 
coverage  overlap  of  the  Kclin  site  with  Fort  f  hurrhill  is  .shown  in  Figure  48. 
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able  14.  Potential  Rocket  Launch  Sites 


L'mted  States  Sites 

Foreign  Sites  I 

E  Uabhshed 

Algeria:  Colonib  Bechar 

Wallops  lslari(> 

38‘^N 

75“W 

.Argentina:  Chaniical 

30°S  66  °W 

Vandenbetg/ Pt.  Aluj^u 

120"W 

Mar  Oel  Plata 

38®S  58®W 

White  Sands 

J2^.\ 

loe^w 

Ascension  Island 

14®W 

Eylin 

CO 

.Australia:  Aooniera 

31°S  137®E 

Cape  Kennedy 

28^’.N 

ao^'A 

Brazil:  Cassino 

32°S  52  °W 

Kau  u 

IS'i^'A 

-Natal 

6“S  35°W 

Johnston  Island 

170‘’\\ 

Canada:  Ft.  Churchill 

59 94  °W 

Kwajalein 

-'’.N 

1G7'’|. 

Resolute  Bay 

75®N  95°W 

Not  Established 

(irtece:  Koroni 

37®N  22°E 

Alaska 

Cire<*nland:  Thule 

76'''N  ee^^w 

Pt.  Barrow 

71^ 

isg'^w 

India:  Thuniba 

Ft.  Wain  right 

Tl^’.N 

160^'a 

J.af>an:  Akita 

40^M40®E 

Ft.  Greely 

14  5"  A 

New  Zealand: 

Puerto  Hico 

Cape  Karikari 

35°S173°E 

Arccibo 

18‘’n 

6  7^’ A 

Norway,  Andog  Island 

89 '^N  16®E 

Pakistan,  .Sonmiana 

25°N  67®E 

Surinam 

-6°N  55°W 

Sweden:  Kiruna 

68°N  20°E 
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3,  4.  4  Flight  t'*lans 

In  this  substfction,  a  flight  3<h*  ir.t'  is  .suggested  which  includes  a  range  of 
solar  radiation  conditions  occurring  throughout  tne  tiorihem  hemisphere  ai 
various  seasons  of  the  year,  a  mix  of  earth-surface  cover  type.s,  and  the  use 
of  existing  launch  sites. 

The  flight  plan  invuhe.s  a  series  of  launche.s  at  units  of  winter  and  .sum¬ 
mer  soTstice,  Ax  w'lnter  solstice  there  is  a  wide  range  of  .solar  radiation  inten¬ 
sities  throughout  the  hemisphere  from  Aliich  to  sample  aiino, spheric  radiance. 

In  order  to  sample  solar  zenith,  radiance  unti  the  effect.s  of  earth  reflectance 
ejmiasion  during  the  extremes  of  hen.ispheric  solar  irradiation,  launches  at 
summer  solstice  are  .suggest*  i  as  well  Ihi?*  is  of  [lanicular  importance 
from  a  svstem.s  standpoint  wf  ere  .-xtremi  are  desired  to  obtain  data  hounds. 

The  apogee  altitudes  suggested  .ire  com:;  t-nsumte  with  the  piTformanre  of  - 

existing  roc-ket  vehicles  with  mis  ioais  of  ^Ou-pininti  <  las.s. 

A  tentative  flight  .Hldleijuie  is  gl  .en  !>.  lave; 

Launch  sites;  Churctisil  (or  .ilternate  '\r<1ic  site)  and  I  glm 

.Apoge*’  altituli.;;  J''n  kiLin  <t  rs 

Flights;  \\  inter  soistu 

f  hill  rh.ill  j 
Lglin  i 

Summer  solstu  ie 
(  hurt- hill  4 

T  a  1  I  n 

As  noted  previouslv,  th*'  oh  sc  rva^ional  conditions  of  interest  in  the  diurnal 
solar  passage  are:  dynamic  response  of  atmosphere  to  solar  radiation  onset 
and  decline;  peak  level  of  atmospheric  radiance;  levels  of  radiance  in  newlv 
darkened  and  nocturnal  atmospheres.  Table  IT  gives  the  times  and  places  of 
launches  for  the  suggested  flight  scheme  together  with  the  solar  radiation 
fraction  prevailing  at  the  vipw  perimeter.  Lach  flight  scries  for  a  given  place 
and  date  begins  with  a  flight  in  which  the  westerly  view  is  darkenc-d  below 
I50-km  tangent  height  and  ends  with  a  nigh.t  in  which  this  condition  '^xists  in 
ti'e  east.  (An  exception  is  n'.adr  for  the  Fort  Chun  hill  summer  solstice  scries 
since  the  sun  doe.s  not  fall  this  far  below  th'  horizon  in  this  case;  here  a  tangent 
height  of  35  km  has  been  used  in  calculating  solar  altitudes  and  radiation  frac¬ 
tions.  )  Thus,  the  westerlv  view  th''  initial  flight  of  the  dav  is  of  an  atmos¬ 
phere  which  has  been  darkened  all  night,  and  the  last  fliglil  of  the  day  nas  an 
easterly  view  of  newlv-darkened  atmespherr.  Intervening  flig'hts  in  the  series 
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Table  13.  Launch  Times  and  Places  with  Solar  Radiation  Fraction 


Launch  Launch 
Site  Date 


Priority 


Flight 

•Apogee 

Solar 

Time 


12:00  0.070  0.375  0.070 
15:04  0^  0.174  0.087 


Radiation  Fraction 

Fast 

South 

— 

West 

North 

0. 104  0. 156  0 


0^  ! 

0^ 

0.  242*^ 

0.  077 

0.  454 

0.  559 

0.  !i51 

0.  743 

0.  602 

c'' 

0.  292 

0.  242^^ 

0,  130 

0® 

0.  242 

0,  7 (if) 

0.  574 

0.  301 

0.  130 

1 _ 

0.  225 

o" 

Nocturnal  atmosphere 
^N'ewl%-  darkened  afmo.spherr 
('  ,)ntinuous  night 
*^Continuous  dav 
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are  made  throughout  the  da%  Aith  high.er  solar  alftudes  up  to  the  maximum 
which  can  occur  within  the  '.sew. 

The  radiation  fraction  cited  m  l  abie  15  is  tfie  sine  of  the  solar  altitude, 
or  solar  radiation  iritensin  ,  at  the  apnropriate  latitude  and  longitude,  and 
would,  of  course,  havt-  the  ',alue  of  one  for  the  (fenith  sun  position.  The  nor- 
tnerly  view.s  fro:::  I'ort  C’tiurc.hill  are  v.  it.hin  liie  Arciic  t'lriTe  where  continuous 
solar  radiation,  or  ia<  k.  tnet  eof,  e.vists. 

't  he  more  norttiertv.,,.site  if  {  ort  (  hurt  (nil  lias  c.ppn  ciatily  longer  twilight 
duration  than  tne  Kciin  sit*-  witi  l  Ailigist  all  inpfit  near  tiit  summer  solstice. 

The  rnaxirnurn  cu‘.  *  rai.'<'  nro\  i'it  d  h\  \eliules  lauiu  tn  d  from  liiese  sites  i  an  h»' 
seen  in  Figure  4ri,  l.auncn.es  iror:  I  on  <.  tuirctnll  will  sample  the  Artie  and 
North  Temperate  rep-or-.s  wiiirt-as  launcties  from  l-.glu:.  will  overlap  somewhat 
the  Nortfi  t  ei!^ (lerate  re;.’! on  arid  ti.s  ;  provide  tropical  coverage. 

rh*'  flu'tit  prugran  ienrrn  e-i  i.n  !  a:  le  I!',  is  suffu  tent  lo  meet  Uie  following 
objectives: 


(1>  Namjih.'  uj:  t  )  ■  .  ;  tie  iiaximum  pu.ssihle  solar 

ill  imtnatt  h  <1  f  .iH  t;-,  >  r<  got.’.s  .‘ind  season.'^, 

(J  )  t’ro'i  ide  a  }-.•  I  Si  I'iai  ■  ■■  :  ai  ilif.  <<f  em  ouru.ering  htgii- alt  itude 

laver  .sir  ;(  ’.ure  as  -i  d  during  i'sci;  treunurements. 

(3)  .dimole  all  inirnal  <  w  ir.i  'ns  mluding  noiturnal,  surniei, 
con: tnuo'is  la--  t  I  ?  '.g*'.  an  i  higii  nofi?;  m  l!:e  Artie  region 

(4'  'san  iil'-  p.o( 'nr'ial,  -,;n'^e*,  a’,  i  t.igii  nooi,  in  temiieratc  and 
trontcal  reg;:ins. 


Some  redundant  i  overacc  ,  .f  intermit  diatf  solar  intensities  exists  within 
the  teniperatnre  region  i'te-.ve<;;  th<  winter  f  nurehill  flights  wdien  viewing 
.south,  and  ‘he  win'er  Tglm  fligh-.'s  whi  '-  •.  ie-wmg  nomh. 


In  terms  of  otvieettve  fji,a  st.atis'ual  estimate  ran  be  .r.adf'  of  the  proba- 
bilitv  of  observing  higii  radiarc  e  lavers  based  on  the  t'SSH  rneasuremient  expe¬ 
rience.  ft  is  rep<irted  that  nn  four  out  of  a  tntal  of  30  probe  flights,  equivalent 
(limb  view)  radiance  Icvel.s  in  excess  of  3  10"^  wall  'errm-st*  r  were  observed 

in  the  altitude  range  f.  orn  lOQ  to  300  km  while  vimwing  hor’zontally. 

The  probability  of  obser-ing  high-abitude  layers  on  anv  one  future  flight 
mav  be  estimated  bv  u.sing  the  hinomiial  distribution,  given  as  follows; 

n 

„  V’  n:  X  r.-x 

2-  xl  (n-x)’.  ^  ^ 

1 

I 
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where 

P  =  probabiliiv  of  success 

n  total  number  of  flij^hts 

X  ^1.0 

p  4/30  -  0. 133 

2  1  -  p  0.  8G7 

(Jn  this  basis,  the  probabilits  of  success  increases  with  number  of  flights 
as  shown  in  Figure  4'f.  iViih  a  total  of  10  Qights,  the  probability  of  success 
is  about  0.  7  5. 

i.O-, 


I 


•(U/EtR  or  ri.i&HY',  ifi) 

Figure  49.  Prohahilitv  of  Observing  High- .Altitude  Thayers  on 
.Anv  One  Fligh* 

The  prioritv  assigned  to  each  fliglit  (Tatile  ]  ,5)  is  based  on  the  number  of 
o.ojectives  or  different  conditions  encountered  on  that  flight  and  can  be  uc 'd 
to  scale  down  the  I'.ight  program.  Two  flights  Apriority  (.5)]  launched  from 
Churchill  mav  be  eliminated  without  loss  of  generality  but  with  abo'T  a  10% 
loss  in  objective  (2),  i.  «  .  ,  prohahilitv  of  observing  high-altitude  layered 
structure.  In  addition,  two  flights  from  Fglin  1  priority  (4)]  cocld  be  elimi¬ 
nated  with  the  loss  of  the  minimum  solar  illuminatiou  conditions  in  the  tropical 
region  only,  i.  e.  ,  nocturnal,  sunset,  ard  up  to  relative  illumination  levels  of 
about  0.25.  Without  these  Fglin  flights,  some  intermediate  illumination  levels 
in  the  temperate  winter  arc  also  lost,  as  w-ell  as  an  additional  15%  loss  in 
object ive  (2 ). 
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Thtr  iM/rnaining  six  "  priurttics  (1),(3)]  are  considered  to  represent 

the  iMintrnuin  nit»ht  proyrain  necessary  to  sample  the  wide  range  of  atmospheric 
and  sol^f*  illumination  conditions  expected  to  influence  I.WIH  limb  radiance. 

For  purposes  of  reducing  ocerall  cost,  further  reductions  in  the  number  of 
flights  could  be  made  based  on  a  limited  set  of  ob}i.  tives. 

'I'wo  alternative  three-fliyht  programs  are  proposed.  One  samples  the 
diurnal  cvcle  with  three  flights  closely  space  rn  time.  '1  he  other  does  not 
cover  the  diurnal  cycle  but  gives  wider  coverage  of  solar  altitudes  and  radia¬ 
tion  intensities,  including  contmuoiislv  ligiited  and  darkened  atmosphere  in 
the  Arctic  ,  and  rec^utres  fewer  (lavloads. 

[  he  first  program,  desigiu-d  to  sample  the  diurnal  cvcl*-,  would  not  include 
seasonal  or  wide  geographical  c ovcmage  and  would  liave  a  rc'dured  opportunity 
to  measure  during  magnetic-  storms.  I  o  sampb'  the-  diurnal  cycle-,  the  three 
flight.s  would  he  tin.ed  at  sunrise,  noon,  and  .sunset.  I'he  sunrise  flight  w'ould 
be:  timed  to  view  th*-  nocturnal  atmo.sphere  m  a  direition  oppejsite  the-  solar 
azimuth.  In  this  dtrec  tton  the-  atmosphere  will  have  been  quiesec-nt  throughout 
the  night.  In  th*-  cltr<  ciioii  of  '.h*-  solar  azimuth,  the  s*  iis(jr  will  view  newly 
irradiated  atmosphere.  Th*-  noon  flight  would  sampl**  during  the  maximum 
.solar  intc-nsitv.  rii*-  .suns*-!  fltciit  will  sampl*-  n*  wly  *lark*‘n<-d  atmospher*- 
(opposite  solar  az.imutii)  and  a’lnosph'-r*-  irradiati-d  throughout  lh*“  day  (direc¬ 
tion  .solar  azrmutlii,  (  Onduc  ting  tln-s*-  tlir*-*-  fliglits  within  a  tinic  pericxi  of 
les.s  than  one  w*  «-k  i-nsur*  s  ingh  'lata  corr*  lat ion  Inii  also  pr*‘venls  the  reuse 
of  a  given  pavload. 

l  h«-  s*-cnnd  ilternatr.  '-  program  prov  i<l*-s  tin  *•  i*'  refurbish  the  payload 
after  recov  *-rv  aral  th'-r-  for*-  invoF.  *-.s  a  sn  all-  r  cost.  Tliis  program  woulu 
.sample  virtuallv  t'n*-  'r.tir*  rang*  of  solar  int*-iisit;i'.s  throughout  the  seasonal 
cvclc;  from  a  giv*-n  \rctu  station,  Fort  t  hurciiill,  for  i-xamplc-.  The  fliglits 
would  he  launc  lied  m-ar  loc  al  tioon  on  or  about  the  wirit*-r  and  summer  solstices, 
and  at  an  equinox.  .\s  .such,  the  rang*-  >f  re  lative  .solar  intensity  varies  from 
a  low  of  0.  07  to  a  iiigh.  of  0.  <*'?  and  me  lu<l'-s  a  samiilf-  of  continuous  sunlit  and 
darkened  atmospheres  north  of  tl.*  .\rrtic  (  ircl-..  I  h*  latter  flight  would  be 
launched  near  the  autumnal  *'fJuiriox  during  wbic  h  th'-r**  *  xists  the  maximum 
monthly  frc-cpiencv  of  aurora. 
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SECTION’  -1 

INSTR-l'MKNT  1)1  SIGN 


4.  1  HACKC.HOUND 


The  design  of  an  infrared  .-pectrora  iiuniete”  fora  measurement  of  the  earth 
limb  requires  the  solution  of  several  difficult  problems  not  usually  encountered 
in  more  conventional  infrared  radiometers.  The  spectral  radiances  to  be  mea¬ 
sured  are  extremely  lo'.v,  spatial  resolution  is  to  be  high,  and  the  wavelength 
bands  of  interest  extend  over  a  broad  range.  This  means  that  a  cooleu  optics 
instrument  of  verv  high  sensitivity  i.'  mandatory.  The  spectral  em-i  gy  mea¬ 
surements  must  be  made  in  spatial  locations  of  .lie  atmosphere  which  are  very- 
close  to  the  earth.  The  earth  radiates  very  strongly  in  tin'  spectral  bands  of 
interest,  since  it  is  roughly  a  300'K  blac-d;ody  and  therefore  .  strongly  inter¬ 
fering  source  of  unwanted  stray  radiation.  Stray  radiation  tan  reach  the 
infrared  detector  b\  diffraction  and  tiv  diffuse  scattering.  The  problem  of 
performing  a  successful  HI  earth  lind)  measurement  is  somewhat  similar  to 
the  pro'olem  of  measuring  or  observing  tiie  corona  of  the  siin  without  an 
eclipse.  Tbereforr,  the  tec'nriique  a*id  toeory  of  coronograph  design  is  utilized 
in  the  prop^ised  limb  measuroir.ont  spet  troradioincler. 

Attenuation  of  strav  ra  iuitr  n  i'  ac!;.<  vc'!  by  u.'-c  o{  h  w-scattering  optical 
components  and  by  application  -if  tiiC  boundary  wave  diffi-rmtio.  theory  for  a 
series  of  baffles  and  aivxii'/ed  .stops  to  attenuave  diffraction  noi.se.  Internal 
thermal  radiation  is  supprc.ssc  i  by  crxiling  all  parts  of  t!'*-  including 

the  optics,  to  a  temperature  of  io  K  or  le^^s.  Th.e  great  maiority  of  existing 
high-sensilivity  cryogenic  -infrare  1  radiometers  uso  a  fohird  ri-flecting  tele¬ 
scope  design  which  may  t>e  rough.ly  categm-ired  as  (ia.-‘^^:.grain-style  systems. 
Tor  limb  mea.-urement  applications  the  diffracti'^ci  from  the  secondary  mirror 
supp<irt  struts  becomes  a  serious  prottiem.  If  the  use  of  struts  is  avoided  by- 
supporting  the  secondary  mirror  on  a  refracting  window  or  corrector  as  is 
done  in  certain  catadioptric  designs  (such  as  the  tt’-i,e‘=tar  telescope)  then  one 
is  faced  with,  the  problem  of  providing  a  large-diameter  refracting  element 
vhich  transmits  over  a  wide  spectral  band.  In  addition,  it  o  recessary  to 
suppress  unwanted  internal  reflections  -witldn  the  refractive  element  through 
the  use  of  antireflection  coatings.  Unfortunately-,  the.ee  coatings  must  operate 
over  the  same  wide  spectral  hand  of  4.  a  to  2a  microns.  Such  problems  were 
avoided  entirelv  by-  clioosing  a  telescope  rlcsign  based  on  the  use  of  off-axis 
sections  of  paralxHic  mirrors.  It  -was  riecided  to  use  inultiple  focal  planes 
since  at  a  focal  plane  the  desired  signal  power  is  concentrated,  and  therefore 
any  baffle  or  stop  will  mere  efficiently  separate  the  unwanted  stray  radiation 
from  the  desired  signal  radiation.  Since  previous  HoncywcH  studies  established 
that  conical  hlackbody  cavities  were  more  efficient  f)ptiCol  baffles  than  any 
oilier  type,  tlie  optical  design  includes  such  baffler  ns  light  traps.  In  essence, 
the  principle  is  to  form  an  image  of  the  interfering  astronomical  source  of 
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unwanttjd  radiatitjn  (irs  this  case,  the  earth)  and  then  te  cause  the  linage  power 
to  fall  within  a  cryogeriically  cooled  blackbod\ -type  light  trap  where  tlie  power 
is  pumped  away.  The  stray  radiation  attenuation  will  therefore  be  achieved 
in  the  most  efficient  manner.  If  diffraction  and  scattering  did  not  exist,  the 
total  entering  earth  radiation  would  be  removed  by  this  proce.ss.  Diffraction 
acts  to  cause  a  .small  iriion  of  the  image  to  "spill  over"  the  trap  and  proceed 
through  the  optical  system  to  the  detector.  By  propei’  placement  of  internal 
stops  and  by  tlie  use  (d'  apoouation  techniques  this  diffraction  power  may  he 
attenuated  to  acceptatjie  level.-i,  ccnsi.-teiit  with  the  instrument  requirements. 

Boundary -w,ive  lifii'actiori  theoi-y,  a  jniweidiil  and  useful  tool  for  corono- 
graph  d«.‘sign  is  utilized,  to  le<<-i'ihe  the  interplay  between  incnlent  radiation, 
apertvmes,  and  '•(•suiting  iiffraction. 

The  e-'Sencf  of  r'-  c  houn  lary-wavi  diffraction  theory  is  that  diffraction  at 
an  'iperture  n  .c.  he  eon  •detel\  an-c  rih'ed  hy  splitting  tlu'  wave  at  tiie  aperture 
into  an  uri diffracte  i  gei  n ct.-ic  .  ir.u  cu.m  p^nent  and  a  boundary- wave  coin- 
fionent.  The  geon  i-tri  -  fiti'  -  w.t’.e  t  ompoia'nt  proi  eeds  through  the  aper'  re 
hy  sir  iple  rav-t!'ace  i  ptif-  •.■.•n;lo  the  i>oun  iary  wavt*  originates  at  th(>  Ixinndary 
or'  rim,  of  the  a'pertur-e,  T ’•  e  pr'-at  utility  of  the  iiiethoci  or  ttn'ory  is  that  the 
hound. irv -wa'.'e  on  rxi'-i  -.t  i;-.(  m.ay  i,e  t’-e.ite<i  using  only  g«  oiiadrir  optics 
coru’*:pts  until  the  •le.'vt  liffr.i  ti'-p  .  pt  rtur-e  or  (uige  is  enrountert'd .  after 
whicli  tlie  firoee'^s  rep. sit'-.  I.a  h  of  the  twe  original  wave  components  ran  be 
re-divi  le  !  at  tha  ri.'-v  boii'id.ir'.  two  new  eompaients.  I’sing  this 

c’Xtremelv  powerful  visiraii.’atn  n  .1”.;  c  oi7,putationa]  toed,  it  is  possible  to 
trace  the  course  of  iiffracte  !  r.oii.atu  n  throiigh  tlie  oplu n]  .systern  of  an 
instnirne  'it. 


I  .'Co;'  (  .iftenuated  tc  n.anageabje  ]e\-e]s  t!u.‘ 
liffu.soh  and  specul arh-'  si  itt*  re  i  . osj-t).  r.idiation  c  ould  b.'coine  the  dominate 
optical  nr'ise  in  t'  e  s'.-.,te:’  .  (i  r  rouvenirnce,  m  this  doc  unient  diffusely 
and  s-pecularlv  -oattere-i  earth  r-t  ir.tio'i  will  hr  railed  'scatter  ing  ".  To 
distinguish!  it  fran’i  t'a:'  stra;>  r.a  ii.ation  scattered  from  diffraction,  we  ’vill 
refer  to  the  latter  as  'iiffrartiori'  .  t  ."(  .altering  oeenrs  whe  vt  r  tlie 


reiativel'c  intense  cart!-. 


.ate  s 


surface  '  f  the-  instruT..ent  in  suci 


I  a 


manner  tiiat  un’vvante  1  radiation  enters  the  optica]  system.  The  most  obvious 
and  '’onventiona  1  snluticni  to  the  pr."  !  len  r  f  minimizing  scatte  ring  is  to  shield 
the  objective  aperture  of  t'.e  telesroj-To  using  an  optica]  baffle  assembly.  It 
hs  possible  tc'.  minimize  tiie  scattering  fer  m  direct  irradia’  -e  of  the  primary 
objective  ndrr'ir  bv  icman  ii^ig  an  excc  ptif'nally  high  polis  on  the  mirror  to 
reduce  t'ne  scattered  rorr.p''nent  of  t'lC  transm.itted  wave  .and  by  inding  the 
remainder  of  the  optical  sysipj-.  hp'-pn  i  a  .small  aperture  (pinliole)  in  the  first 
focal  plane.  Bv  far  t'le  most  effective  means  of  minim  izing  scatterng  is  to 
use  a  forehafne  •.v'nich,  sliiel  is  fV.e  <  1  cective  .aperture  as  oompletely  as  pxissible. 
In  the  design  of  the  foreliaffle,  a’t  isttem  pf  was  miade  to  make  all  light  traps 
in  the  i'affle  as  dose  to  a  conical  hlackiif' dy  cavity  as  practical  in  the 
allo’vve  !  baffle  voliinm. 
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(S)  The  spectral  separation  means  propused  is  an  out-of-plane  dual-grating 
I.ittro  V  rnonochror.neter  whose  entrance  aperture  (slit)  is  placed  at  tlie  second 
focal  plane  of  the  optical  system.  The  Littow  system  meets  the  design  goals 
wliile  preserving  the  high  off-axis  attenuation  ratio  of  tlie  telescope.  No 
moving  parts  are  required  <  t);er  than  a  radiation  chopper.  Spectral  separation 
of  tlie  hands  is  achieved  by  the  use  of  an  array  of  individual  detectors.  Tlie 
height  of  ea<  h  detector  (corresp<.>rtding  to  th'e  vertical  dimension  in  tlie  earth's 
atmosphere)  is  a  co.nstant  U.  b  n.r,  while  tlie  widtli  of  each  cell  is  a  function  of 
the  widtli  of  each  spectral  b.tnJ.  Kither  tuped  germanium  photoconductive 
detectors  or  pia  tocon din  tive  n.crciny,  (.admium  telluridc  may  h.*  used  in  the 
instrument  pro-.;;  img  either  v-i.i  ice  le.^d^  to  an  urra\  wliere  each  detector  is 
in  the  10^“^  or  t  ett‘-r  1)  l  ange.  Hccetit  meaMircmeiitn  ni  Lockheed  Missiles 
and  Space  Lo,  ,•  -t''  a  !!  ■ri<-v.vell  ir.eiv.urc  cadnnum  tclluruic  pliotocoiuiuctivc 
detector  lias  indurate  !  that  a  value  i>  *  ax  .-ei  "  watt  "  ^  was 

achieved  with  a  -tan  I  n'  l  (!  1^^  L  !)l'e  n-ll  optimi/id.  ioi-  ri-coiinaissaiuu*  work 
at  a  UJ-micron  ws’. elengt.h  at  1-'  K. 

(I  )  There  i  ,  a  nov<d  treat;;  '-nt  <  j  tfa  h  iq-wa’.*  ill  c  lianucl  from  IT  to  tih 
miirron.s.  Hecam  e  ■  f  ti.e  v/i  le  i  .tn  iiadth  an  !  long  wai'elciigtii  of  this  cliannel 

it  is  riot  pr.u'ti'  ai  to  u-hieic  ,t  |m-  trsil  •  e;). o-.it i  n  ill  llic  giniting  inono- 

ohrorn.itor.  I'he  gr-  iting  onm  ;,i-.  ati  i-  thi  i-i  fore  opi  rate.'-^  from  •}.  h  to  l!i 

micron  ,  and  t'ne  long- .vac e  cl.  >n;a  1  m  lit  out  of  the  optical  beam  by  refltu'- 

tion  (df  III  ingle  l  !lu  ;'ol  imj.  ;  irn-i.p  ••l  unte  j  on  the  biici.  of  tiic  blade  of  tlie 
ridiitii  ri  c’lupper.  I'li  r  a  li.itr  n  ;■  t'a'j-,-!  y  !>  lied  to  tlie  .‘-ide  every  lime  the 
chopper  (  loses  off  b  e  r,  iin  o  .  sm  pie  i  jockefi  multilayer  interference 
filter  is  list'd  to  isojote  t‘  e  I  -  -  t  ’  ]<  f,  .j  land.  Thei'i  haiipen.s  to  be 

adi’quatc  sjgnai  -p,  i.e-  r.  of.  ,  ><  i  ,  •.■eii  nece «- sa r\-  ’di..t  the 

follo'.ving  mirror  nte--  e;a  t-  <  *  •.•o-,  •  ,  jonnp  bear  .  It  j;-  tberefore  pos¬ 

sible  to  mount  .(  miri'  r  -n  •  o  ;  i  t  •<  »  f  ..  i  .c  -i  j.i  u-  ■-(  T-snrs"  tc  |>e  c  boppf'r 
to  minimize  the  n  plitni.-  :■<  p.oi-t  ;  •  r  ''  ;.p<  r  niotu  n.  Table  )b  and  17 
siimmari.’e  r-.e  pr  •:>  se  !  ♦’  ;?-  . ’-,t  -  o-  e  ti  rmtir*-, 

Ld  (’^-1  -AMs  I? \[)I  \  TI( b!  :•  KLT  <  •%  Lx 

(I  )  I  .sing  the  rret  '-  iojogjx  ierive  i  m  cf  tr  iis  d.  ;  and  A.  i,  values  for  the 
power  f.illitig  on  tiu'  iefei'ti'r  ^s  i  'u’utif  n  >  f  l-angent  height  were  ealrulated 
for  four  representative  s’Mmtr.ii  regi-  nm  u  tr  i.  7  mierons,  10.  0  to  10.  B 
microns,  1..0  f  '  1,  mii  rons,  an  i  1  tr  J"  r  ieron'-).  Ti  e  radiatifUi  levels 
fditained  vere  for  tlie  worst  r<  n  iiti'  in  .all  r.asec;  in  fac  t,  such  items  as 
the  filtering  effects  (transn  issic  n  loc^c)  ,  f  jjfn  o.spi.rre  as  well  as  Looses 
incurre  1  in  tiie  distrurront  (<  ptiral  transir  ic ejon  etc.  )  were  ni  t  eonsidered. 
Tliereforc,  is  i  first  approxin  ation  {(  arrc.unt  for  tiif  se  effr  cds,  the  calculated 
values  of  liffrac  tinn  were  re  iuce  l  Tv  a  f.artor  of  10.  \f  xt,  the  effects  on  the 
diffraction  level  caused  by  a  1  ling  ape  dirrition  vrre  investigaterj.  The  results 
showe  i  a  reihictior.  faotc'r  of  I  00  r  a  v  !  «■  -ar'  ieve  !  with  proper  'lesign.  Thus, 
the  ralc'ulntion  of  liffractic  n  ra  ii  itio-i  falling  '‘U  t!;e  jetr  c  tor  was  reduced  by 
an  additional  factor  of  100. 
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(S)  Table  IT.  Operatiotaai  >unii7iary  of  liistruiiient  Ctiaracterietice  (U) 


Itert. 

Ciiai  ac  teDstK' 

Instrument 

Sue:  IT-in.  dUiii.etej'  -ly-in.  length 

i  lel  i  i>!  view:  0.  a  mr  (aznnulh)  x  1,  5  inr  (altitude) 

Sv'ter;  i/nt  .  :  1.  a 

A  ttenuatmri 

«  * 

Itallle'  10  *  (tt  1  degl'ee  c'ff-.iXis) 

-'lO  •  n;  10  ^  (due  to  1  yot  stop,  .tpadued  ajHTtures) 

“1 

( ‘tintj 
Ternperatii  re 

<  O'ti  .ti  .UiVitv;  K  tf  -'b  K 

1  ' 

( 

} 

-  1 

‘  \  i  i  '> 

f.'  t .V  <  till'!'-,  0,  p,}';  iti.  long  .and  0.200  in.  long 

1'  ..ilue;  ‘  \  In'*  1-;^  <.»  i  ^ 

( 'ryoijrrii'.’  i  (  i-  li...vr',-  1 

Schf'  I 


i!"i  !;  •  ?■- 

^  'p*'?*  itf'*  JO  TT  '$*$ 


Calibration  i  fa* 


UNCLASSIFIED 


The  calculation  approxij.natint  Uffraction  plu^  scatterini;;  radiation  falling 
on  the  detector  .i'  a  fu.ncti'-n  ■  :  taiigent  height  rh(  wn  in  l-  igurej?  SO  througli 
33.  Alntj  pi'.tted  on  each  curve  i.-  the  iiiiii  l  adiatitin  failing  on  the  detector, 
Nf)tice  in  i-  igure  oO  that  the  Jiffractioii  piu;-  scattei'iiig  railiation  i^;  negligible 
compared  to  the  signal.  1  igure  3U,  ti*u\ever,  shows  the  unwanted  radiation 
is  equal  to  the  '•igria;  at  aix>ut  100  km.  1  •rtunately,  the  S/N  varies  as  the 
square  r<;ot  jI’  Ih*-  sum  (i!  f.e  tw  ^a.-’.'e>.  \  more  tliorough  anal\.«is  is 

requi.f'eci  to  this  bun;  to  evaluate  ti.e  .icti.ai  effects  of  diffraition  and  scattering 
about  100km.  1  igure  oJ  she.v-  ti.ai  the  Jiffi  action  arid  scattering  do  not 

affect  this  han  i.  !  igure  o,i  -‘.o.vs  ti.e  In-  u  lia-ir.icrori  t>and  in  which  the 
effects  <-f  diffmati  ,n  mi  -e. ■.tiering  .-ro  the  most  serious  and  equal.*-  1h(^ 
sigtial  radi.itiori  -.it  •••.er.il  i.e.  t  im,  tiowever,  may  help  this  hand. 

The  atnso.sphere,  for  exui  ;.de,  .i  iurct  .ittenuation  iii  tiiis  interval  which 

may  help  re  hue  t  e  u.';'.v.tntt.  !  rain.tior.  .vst-n  a  more  precise  calculation  is 
performed,  \l-io_  i*.e  :  .m  I  i*  -rlit  ■  '•  itsi  ]!  .m  i  does  not  g’o  thiouigh  the 
mofiochrorruitof’ :  thu  ,  p!;i  i.’  ti  ?;  i  .oi  i-e  peidormed,  i.  e.  ,  an 

evaluation  to  find  if  t.oe  -  ign  li  ie'.<‘i  i:  ;  s  hi'-tei'  oi'  slow(  r  tlian  the  diffraction 
and  sc  ittering  le-.-el  ,  oel  ;  f  va  i*  •,  .ij’ie-,!. 

In  conclu  i  .pr-'h;.  .  ■  i.-  h.t  •  ■  f  th«  e ‘ !(ct  s  ol  dif Inaction  and 

icatte r trig  .srio-.v  t;  it.  m  r  ■  -t  ■  oe  ,  r  •  •  .ire  ni  giigiidi,  and,  in  the 
rernainin  ,  r  i'.*-  .  lr  e»'i-  j  '■  .•  ,  j-  .  r-.urh  analysis  and  design 

can  elin  inate  o--  -ni:'  •  ■  •  ‘h  t  -  . 


4.  3  DKThCT*  'I!  -Id  Id  fh 


The  clu  dee  ■  f  iete  a  . 
factors  (sf’  T.ii'ie  1'  h  I  '  * 
ulti ni.itt'l v  ieterniincs  i-;. 

the  chalice  of  h'tcl'to?*  ir'e  ^ 


‘  !• 


'  ;  ;  in  atr  r;  i!iVoj\-(  >  a M  ral  tradr-off 

■  M-i  :<  r.tfu  'i  ]S  tin  deleetivity,  ’vhich 
■r.f  <  asjtivitv.  (  n'a  r  lactors  relating  to 
g  ter-.pi  T-atiise,  )ir  iting  <  pti(  s  {/numher, 
];?'  it'-,  arrav  ter  '  nojr.g'v,  and  state  of 
i  d  if  re  :  '  r  thi'-  application  werf>  (/e;  Hg, 


.sp^'ctr  il  an!  freauenev  resj,  v,  ..f', 
developn'icnt.  T'lc  irtc’t.  r 
t.ierCd,  in!  l!g<  iT*.  I'.eci.iCf  igii  irti  a  tors  in  f'e  i  qif  clral  regions 

of  intercsi  if  to  pentf  vit’dn  V  •  s  ,7  r  .ptjral  sy  st-  j;  and,  llierefore,  at 
the  same  focal  ciirf.ace,  it  i';  iesirasie  that  I’sev  a]]  .'icliieve  their  best  per¬ 
formance  at  or  near  the  same  tet" per.afure,  to  minir  ize  thermal  gradients 
in  the  hu'  li  plane.  ’’  ‘  '  ' 

sch-edule,  it  is  ie  = 


V,  r  t'’  ic  re.as-  n,  an  i  fc-  redurr  manufacturing  cost  anrl 
ra!  le  t'';<it  all  ietert  rs  !  r  '>f  the  same  type,  if  possible. 


\  fit 


tn  icf'ff  -tiuiv  .eac  o'.n  i'lrted  tr.  o'etcrTrine  the  most 


satisfai'tr rv  letector  f.m  1 
tlie  following  pirigiMphs, 


•is  aptili  at;  ;!  ani  h  e  results  are  discussed  in 


The  (ie-IIg  ieteetnr  'vac  iiid  -uitahlr  f  r  this  appliration  lierausc  (  f  its 
lack  of  response  in  t!;e  .3-  to  J d-jr irr' "  regie. n  and  -was  suhsrquently  elimi¬ 
nated  from  further  consideration. 
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Figure  .t2. 


Power 
and  Sc 


Falling  on!n  Detector  froiri  Signal  plus 
altering,  H.O-  to  1 8,  0-micron  Han. 


Diffraction 


^‘6 
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sccRer 

n«s  rAoc  H  UNOASsmfo 


Figure  53.  Power  Falling  onto  Detector  from  Signal  plus  Diffracti 
and  Scattering,  18.  0-  to  25.  0-micron  Band 
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(S)  The  C‘ie:Cu  a'us  ehiiyinated,  evcii  thougl.  it  had  demonstrated  i  D  of  greater 
than  5  x  sec  "  watt“^,  be>.ause  oi  more  severe  operating  tempera¬ 

ture  requirements. 

(S)  The  two  remaining  candidate  d.etectors,  Ge:Cd  and  0}^’d)Te,  both  have 
exhibited  capabilities  <.if  D  vaiue.-  tif  a  x  lO^’crnsec  “  -  watt  however, 

high  electr'mic  crosstaih  during  operuti.ng  and  tlie  necessity  for  cryogenic 
preamplifiers  make  the  Ge  Cd  ietettors  mucli  less  attractive  Ilian  the  HgGJTe 
detectors.  Th“  (Hgt  !)Te  detectors  exhibit  low  crosstalk  (due  to  the  inherently 
low  hr'.pe'.G.fi(  e)  arui  >  per  ate  from  standard  uncooled  pre-amplifier  .s, 

(I')  rhereforo,  i  :'irst-oi-  iei-  tradeoff  study  dictates  ti  e  use  of  (]lg<^'d)Te 
detectors.  Th  •  para.n  eters  entering  inti  the  tr  adeoff  study  are  :<i.mmarized 
ar*  I  corripare  l  in  "''ahie  IB. 

4.3.  1  l)ete<  tor-  Mechanisms  md  i  omparisoji  of  Detector  Types 

(I  )  An  ideal  quantum  letei  tor  rr.ay  he  'efinml  as  a  detector  wliicli  lias  a 
quantum  effu  ienc>  (")  <>•  unit;,  up  t.i  .i  cert.iin  cubdf  wavelenglli  )  and  - 

equal  to  zero  beyon  )  '^uch,  a  ie-dci'  can  letect  .alj  qiiant.i  incident  on  tlie 

active  area  and  con;  butcs  no  int'-rnal  noise.  Tl o  detectixity  of  .sue')  detec¬ 
tor  is  limitelby  th.e  un-ivoi  |a!  le  fluctuations  m  the  background  radiation  due  to 
its  quantized  n.itur  e.  These  flin  tuations  s«d  an  upper  limit  to  tl>e  detectivity, 
or  Ih..,,  c.f  I  detector  v.ddc*  i<qxTi  i  on  the  harkground  tempi-rature,  I’liotons 
obey  Hose- liinstein  statistics  ndde'*  determine  their  distril'ution  witli  wave¬ 
length  as  well  i'  their  v.^ri  ' jn  a  pa*-‘i'  ular  iniergy  intei*va).  lor  back¬ 
ground  fempevatufcs  b  ss  than  J'-h  K  ,<n!  wavelengtlis  li.-ss  than  aO  microns, 
Boltzmann  statistii's  gjye  i  go.  '  appr<  xin.ation  to  tla-  Ifose- Kin 'tein  .statistics, 
and  tlic  variance,  (Ji.ip;")  is  equal  to  the  toUil  number  of  quanta  .'j.{  detected  liy 
tlie  detector  witri  an  area  of  Irr^  -.  Via  r' ' t  mean  fluctuations  per  second 
are  giver  by 


V 


The  value  of  is  letcrrr.ine  i  by  the  cut'^'w  f' ^  l  a.nd  background 

tern  perature. 


I  = 

■  H 


(T. '  )  P 


where  N\  is  the  FManrk  plioton  spectra]  <iensity.  The  best  iletcct'vity  of  an 
ideal  detector  is  achieved  at  the  spectral  responsivity  peak  We  assume 
a  signal-tf'-noise  ratio  of  urity  for  the  minimum  detectable  sagnal. 
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Then  hc/u-,  V  J  i}t.A  =  niufiuchroi.ia.ic  '  Tial  [xnvei-  (P^i)  where  t  is  the 
counting  interval  in  second.^,  A  the  detector  ...  t-a.  In  terms  uf  electrical 
bandwidth 


c 


Thus  th"  hackgrouri'i-liinited  irifr'ared  perhirmance  (HldP)  spertral  detectivity 
is  <le fined  as 


i) 


VI7 


Hi.IP 


V  V ’ 


(cn  !!■* 


i or  p'notoi  o’i  lurtor iriterrasl  (pt-neratioii-T'eromhination  noise)  is 

double  the  tMcsgffiuri  i  n.  :.s.-,  a;j  ;  th*-  efficienc  v  is  )e*^s  tlian  unity. 

Thus 


(i'(  h.i  IP) 


Arr,  detec  tor  r;m  approar'  i.i  IP 
backgrovirid  an  1  tt<  quanturr-  effjr jenr' 
temper  iturc  is  r*'  iuce  i,  r..  ;s<  t-.r  t 
noise  mecdianisT’  P  i;*"--  its 

T  'r  l>ackiir'‘  .•  '-in  !•;  *  i  isc  % 


1>  if  it  -  ioTj  inanl  ladse  is  (]>)'•  to  the 
•s  f  josi  It)  unity.  As  tlu*  background 
t*  <  !  ..f  ►.g'  lnini!  is  rs'dijceti,  and  tlds 

I'  iL'  at  }'•  s  •  ,  tf  cltj.'  can  be  rir  fineo  as 


; 

. 

•Vl 


If  the  deioctt  f  iias  unlir'  ite  i  pht  tor  n  iuctivc  gain,  ,  where 


PC 


then  v't]  is  al  vavs  iominar.t,  the  detrctsir  is  ePtse  tf  HI.IP.  haturation  of 
the  gain,  -due  for  rx.arrplr.  tn  s-wcep-ouT  '  u.sually  linits  the  cold  background 
performance  of  non-ideal  netectnrs. 

^  The  ultimate  limit  of  detectivity  i.^  the  thermal  equilihrium  detectivity, 
r>  vfpronnunced  I)-dagger  of  lambda).  This  value  r  f  detectivity  is  based  on  a 
state  of  tlicrmal  equilibrium  ex'sting  I  etween  the  detector  and  its  environment, 
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i.  e.  ;  the  detector  teruperature  in  equal  t«‘  the  te/nperature  of  the  spherical 
backgrounf!^  1  he  signal  i  sfr.all  perturlHition  on  the  lattice  temfierature. 
We  write  I)  v  as  follows: 

Urn  (X  I,  1.  lOV)  =  {>*^  (\  ,  f.  i, 

•p  h  P 


HAU 


V-  -*  '•  V  , 

i.-r  J 


^  \ 


;/  r 


:C  (cn.  )‘^- 

1 


r 


iu:t 


Ul.Ci 


This  coptlition  dl  .w*-  fri>r.  ?:  ir,u  sn-u  in  ise  Oehavlor  to  h«  ex|x-cteii 

in  n-type  intrinsic  photoc'in  iuct  r  ,  Ih  vvever,  iH  cae-  r  wi  have  neglected 
the  effects  <.1  sweep-ou*.,  t-  ••  e'.u.iti  i:  .slsc,  fne  existenc'e  of  an 

unlimited  pindocon  iurfh’i-  !  arti  enr  r**,  tl;e  equation  also  asMinie- 

that  the  ioiniriant  loeciuiai •  f -f  fio  f  *.  .irne:-  re<'<  :*  innatioii  is  raiiiative. 
Wfien  this  i-t  true,  th.e  pr:i  ira  . .n  !uc‘ ivi-  lift  tin, c  n.a-.  <  written 


tq. 

— L. 


!’(■  c,  {'! 

f  f 

where  C.^,  the  rate  .  f  >^^vit  mi -ns  r.i  c-  n  i  inar,  n  ra  iia*i'.n  at  t!ti  rma]  enuili* 
brill ri,  is  given  i'v- 


,  1 


1  J 


^  i-i  (t  J"  a(!  .1 

(evp  {e  ^  /kTi-  i 


•,  ’  1  ?  V  MV  ‘  ^  T  ■ 

1  i>F.i  > 


>  (  )exp  (-  •'  ) 


2.  i2  \  10 ‘  ‘  r,‘  T  '  ^  :  r 

?  » )  r .  I 


2  (  r  i ))  f'Xf.  (-  ) 


if 

o 

where 


K  /kT.,,,^. 
gap  i)F,T 
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The  viiiue  of  aepen'Js  explicitly  on  the  material  puranieterb,  i.  e. ,  tJie 
average  absorption  cyefficiejit  o,  tiie  index  of  refraction  ro  and  the  bandgap 
Kg-jp.,^  Therefore,  i.)  x  which.  iia>;  already  iieeii  normalired  by  definition  to  a 
l-crn"  detector  and  a  noise  bandwidtij  of  1  H/  truly  represents  the  ability  of  a 
given  .material  to  detect  far  infraed  radiatiu!i. 


!■  inaiiy,  th-s  optii:  an  value  <'f  thiohriess,  d,  iiiuvt  be  determitied  experi¬ 
mentally.  i  he  chosefi  '.  aiue  a  ill  rep!‘e.'ent  a  trade-i  ff  l)et'.veen  maximizing 
the  reHfi«>nsivity,  -p».-ciral  and  quajitur;  effu  ieiicy,  and  by  tninim^zing 

the  effects  of  surface  recmobijiation  velocitN.  1  igure  1)4  i.s  a  plot  of  !)\  for 
(Hg,  CdlTe. 
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cietectors.  In  smaller  devices  (0.  1  inin  y  0.  1  imii)  with  3x  10  photon  cm  *■ 
sec"^  D"'5  on  the  order  of  1.  4  x  iO-3  have  been  observed,  hiiniiar  perfor- 
aiance  is  expected  in  niercui'y  cadiinuin  tel]uride(H g CdlTe  detectors  of  tlie 
same  active  area  or  smaller. 

(>ne  of  the  operating  difficulties  with  doped  gei'inaniuni  is  its  very  higli 
resistance.  Under  vt^y  low  backgr<>und  conditions,  its  resistance  will  lie 
between  10^-  and  10^’  ohrris.  li*  order  to  couple  ttie  signal  into  an  amplifier 
it  is  necesjjary  to  use  a  load  resistor  whic!  must  t>e  kept  to  a  reasonalde  value 
suet:  as  lo''  to  10^  ohms,  '^ucti  a  value  of  load  resistor  thus  appears  as  a 
short  circuit  to  t‘ e  deieemr.  Tiie  pt'eampiifier  tees  ttse  lL>ad  resistor,  and 
txjtfi  loa<i  re-ii<itor  .»od  prear:  plifier  must  !>e  cooled  to  deteettir  temperature 
in  order  to  rr  i'iiir  1/e  t’  esr  ludse.  rise  signal  tudse  should  limit  the 

system,  m  the  r.*se.  I't.e  nigiiul  vtilt.»gi.  pm  \u1ed  to  ttie  preamplifier 

la  givers  by 


wtiere  \  ^  »  Hlgrs.i!  v  lt.ig<* 

i  «  rt  c'.r-  Uit  t  urr«n.t 
s 

ftj  «  io  I  1  r'‘S!Et<'r 
Tli»’  ph-i'  'J 


^  i  '  r  i..  /  / 


wiser*’ 


sjuanturr-  •'ff;  irrm;. 

•2  “I 

«igru\s  ph  t.  n  irr'‘dhxn'.  *•  m  pnot<  n  cm  r.r-r 


A  detector 
-  =  '•rrier  iifetir'.r 

e  -  elertrrn  rnarce 
a  =  n’obisit’.- 

=  elertrje  fiei  i 

/  -  =eparati'^n  bet  reen  fiel  s  contact?: 


The  photocondsictive  gain  (G 


i?  lefined  by 


u 


T 


« 


Oh 


UNCLAS8<RED 


UNCLASSIFIED 


He  net; 

1  =  i  ''  -\}  a  it 

b  S  {W 

tifitl  V  -  ( ’■  A )  V  G  H , 

S  tj--  i 


The  rifjiHe  per  unit  bun  :  a  i  Jth  Sb  JUiide  up  rl  two  Ci_.‘J!n.>inieiitb,  (J-H 

noine  und  Jcjhnbort  iviise.  The  1/f  lioibe  will  in  *  oe  ci>!ib)dered  in  thie:  urgunienl. 
The  rrriH  (i-H  noise  per  unit  f  is  p'iven  tv 


n.  ( .  -  H 


-  ( -  A  r 


t  (. 


H, 


and  the  rmn  lohnsf  o  ru  jse  -A-r  u:u'.  hanivviutt  i?  piveii  !>> 

1  /  j 

V  J  -  (1..  5  ,  H,  r'“ 
n,  ^  I  I 


'.vhere  r,  '  ft  It^nuinr; 


temper  itur-  '  T  v  •  r  H, 


The  i»jn  H  -  t-j-Hf  r»*.e  !•>  t.jinr  i  iy  injnp  .vH  theM*  lernie 


N  ^  v’ 


{  '  *,>  A  )  e  f  I  j-i , 
_ t _ t<.  J 


/  '■  r.  t.H 


T7T 


wherr  W,.  rrpr»‘'=«r*nt« 

n  ^ 


i  ( '  r«  . 


In  order  to  maintain  Hi  perff?rrr.vnrf  iljr  f,-H  noipr  irrni  mupt  L>c  the 
largest  contril^utor  in  tiiO  t  dal  ri^i«r  rvprecsier,.  In  a  photornr.iuctor,  the 
G-R  noise  is  twice  the  backcround  photon  noice.  Hence,  tr.-  keep  HLII’  per- 
forrnance  the  ratio  of  (i-Ft  noise  to  .t'  Cnson  rj'dse  must  i>e  as  large  as  poFPjblcr 
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This  equation  shovrs  that  tho  load  resistor  rrsutt  be  cooled  for  the  doped 
germanium  detectors  and  the  %-aiue  of  the  load  resistor  must  be  as  high  as 
possible.  The  quantum  efficiency  end  phr-toconducHve  gain  are  fixed  for  a 
given  device  but  both  should  be  as  high  as  possible.  As  the  barkground 
radiance  is  reduced,  the  load  resistor,  R^.  or  the  detect-jr  active  area  must 
increase  in  order  to  keep  the  ^nme  G-R  noise  to  .Tohnson  noise  ratio  so  that 
BLIP  performance  is  maintained.  For  mercu’  y  cadmium  telluride  detectors 
this  ratio  becomes 
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whot**-  }i|^  -  (H^C  Jctfctyr 

I'j^  =  lettv-lt  r  tt.'!.ptr!-a.llU‘t' 

becauMfe  the  (HgC  BTe  ieteelur  van  act  a^  its  uvvn  luad  riMstor.  1  or  cells 
oporatlng  rit-  ir  1,-4,  Jk  xhv  Value  •  f  i^  ain  ul  L  O  i.'t.Dis.  In  t  i  inparison 
to  the  use  i!  i.Du.'r-  Hr;  ‘  j  .v  u'.  incatie  that  the  prcninplil jer  now 

resp«»nfin  to  the  tetecUif  utput  optei  <  in  v*5t  \t]tat,’c.  The  hiu^  supply  load 
resistor  H,  is  no*  ^eap,  lv  tn-  preai’ puHier.  .Oid  tu  nre  it  need  not  lie  at  tlie 
cryoji*enic  -latectt  >*  t*- n  pt*r atur*-.  }K.-;  ause  the  nSf'thDTc  detectot’  has  such  a 
ltc,v  ifnpe  !  uii’e  t  conn..- tin;*  K  s  n.e.  I  r  ^uite  lonj.*  thu.-  allowing.’  tlie  use 
of  a  convenlii  nal  ro*.  f:i-;e;,,’»’ra;ure  pr«n4inp  litMde  ol  tta'  cryogenic  environ- 
tnerit.  T ne  quantuff:  efrutenty  .  f  hhU  is  0.  h  ht  cause  of  its  hiph 

absorption  and  t'"^  is  value  can  le  increase  *  to  h.  by  iht  use  o{  antireflection 
ctjatin^M, 
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This  last  equation  showF  that  (H^.  d)Te  ha?  an  automatic  gain  feature  that 
maintain?  the  same  ratio  of  G-H  noise  to  Johnspin  noise  no  matter  how  the 
back^oujid  is  reduoei.  fince  a  detector  of  this  type  i?  BLIP  at  10^3  photon 
em'^sec'  ^  it  will  remain  fully  BT  IP  to  the  lowest  of  background  radiances 
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(U)  A'Uh  ufiiv  a  i  -'j  il  eiecti-iceii  DsniwidTh.  Tsns  iiiesns  that  the  delector  can 
operate  over  a  vti  N  v/ide  dynamic  range  vf  bacKground  u'radiance  with  little 
degradation  in  performance.  Ti  e  doped  gerrnaniuns  detectors,  on  tlie  other 
hand,  with  tneir  .-tjcded  load  resismrs  of  very  iiigij  value,  must  only  lie  used 
at  low  backgrou.rai  levels  if  ilLll*  perforsi,ance  u-  to  be  preserved.  At 
T£  dK  the  ratio  of  G-H  noise  to  Johnsu.n  nr ise  is  given  by 


G-fi 


=  1,  Uc 


10 


(H. 


(1)  t  or  eair:  pie,  an  r  ie;‘  f  r  this  I'.iti  ti  ..ilut  td  2  with  a  back- 

groun^l  <jf  G[-;  '  10'  p'n*  tun  ci?;*”SfC  *  i*  hovd  rtsisit  r  i  1  4  s.  iCr  <ihnis  would 
be  requl.-’e  1.  ill  vn.plifier  re  sisbo  i  -  t  f  r  ui  i.  .i  lagh  valut  it  is 

fxjHMtbb..-  ir;  g*-t  coupir  i  h ’-U  proi  ier.s.  In  w*1iin<in  th«  pu  rniamum  quantum 
effielerK.  ieS  v.'-r  atajUt  0,  1  .»  »url  that  when  t!,c  Iwn  t\ p«  s  td  detector  are 
rtjinpijre  1.  'h»-  **r  ury  n'r-  inn  tt-Ilurtie  will  show  up  quite  well. 


4.  4  DU  ri<  \t  Ti<  'N  \N  M  f- 
4,4.  I  fieru’ril  l>l«vys'M  r 


{D  The  pror  irr!’  .  f  inte:*'  T'’* 
limb  ri’.f’  i^iiurrn  •■nt  ai'^trur'  i-ni 
to  UiT-’t,  inter '''rir.i: 

eart^.  repre^mtr  J  a  i  i 
to  ;100’K. 


•  tv-  r  diffra*  ted  lig)  i  js  a  major  (>ne.  in 
1  h«  r  ..i;n  iipi.t  snurre  whirl  rontribulcs 
sri:  ihr-  lari'  f {K'rtr:?radinin«der  system, 
rii-  jY  ?■  ringing  in  ten  |>eratrre  from  22f) 


a 

is 


(S)  When  uff-  ivi?;  r  I'iiatien  ‘rv-r  t*  <  cart  3*=  rc  t-ejved  by  the  irn-trument, 
the  primary  optir?  f-mrr  i  tc  i  ea.-i  in  age  at  the  primary  focal  plane, 

S^ome  ’f  the  diffr.icte  !  api-rar':  -  n-axi';  at  tliis  pojnt  and  may  be  of 

sufficient  level  b->  oKccure  be  target  unless  it  properly  attenuated, 

(U)  The  appHc  itii  n  d  cer  .tv  grarW  prin  iplec  to  tbo  design  of  this  instru¬ 
ment  are  best  expiiined  by  exan.ining  in  detail  asi  analysif-  <  f  the  "boundary- 
wave  diffractifin  theory.  This  the  ry,  presented  by  Thomas  Young  in  180  2 
and  mathemoTticaily  substantiated  by  Rubinoewicz,  prof;»fiseF  that  diffraction 
occuring  within  the  geometrical  im»age  r  f  the  objcf  i  is  due  to  superposition 
of  the  viirect  illumination  from  the  crurce  and  rylindrica]  wavefrnnt.s 
originating  at  the  boundary  j-im  rf  the  aperture,  v.-hile  diffraction 
occurring  within  the  geometrical  shadow  '  the  aperture  arises  from  only 
the  cylinirica!  wavefronts  originating  fr  m.  the  aperture  Ixjundary.  Using 
this  theory,  the  evrlved  tec^  nicue  allowc  calculation  of  diffraction  effects 
a'^  simple  a=  establishing  the  ge.-  metriral  shadow  t>ound&ries. 
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Oiffractiun  effects  in  the  system  may  be  examined  beginning  with  t!ie 
optica)  system  layout,  illustrated  in  Figure  57.  Tins  system  will  image  a 
source  such  that  irradiance  at  the  center  of  t)ie  image  is  found  by 


11. 

1 


4  (f/  no.  )” 


(1) 


where 

11.  =  image  irradiance 

N  =  peak  l.amhertiari  radiance  level 
f/no.  =  f/riumher  of  th.e  .system 

provided  the  source  is  Lambertian  on-axis,  at  infinity,  and  the  exit  pupil 
half-angle  allows  sin  0  *  tan  h'  s;  y'  These  conditions  are  all  met  (within 
Cl  minimal  error)  in  the  spectroradiometer  system. 

The  earth,  being  considei'ed  a  I  amhertian  '^ource,  |x)ssesses  an  infinite 
number  of  effective  source  i-adiators  a.c  shown  in  1  ignre  58,  Choosing  the 
most  convenient  equivalent  radiating  surface,  namely  the  plane  located  at 
A  A  '  (refc  r  to  Figure  58)  we  have  an  off-axis  plane  source  imaged  by  a  circular 
mirror  onto  the  back  focal  plane  of  that  mirrc'r.  The  atxirture  stop  of  the 
system  is  the  combination  of  the  baffle  enclosure  and  the  primary  mirror, 
subtending  at  the  exit  pupil  a  half-angle  sati.sfying  the  conditions  for  equa¬ 
tion  (1),  In  addition,  the  earth  .«ourcc  is  less  than  tan'^  (2H/L)  degrees  off- 
axis  for  all  invHnaticm  angles  of  intere.'^t  so  the  irradiance  of  the  image  will 
not  change  appreciably  witli  inclination  because  of  the  functional  dependence  of 
the  source  radiance  being  that  of  a  cc-ine.  Therefore,  the  irradiance  as 
calculated  by  equation  (1)  is  valid  for  the  undiffracted  image.  However,  dif¬ 
fraction  does  occur  and  sprearls  the  image  at  the  edges.  The  amount  of  this 
diffracted  energy  within  the  geometrical  shadow  of  the  source  is  needed  since, 
in  the  spectroradiometer  system,  this  is  the  stray  diffracted  energy  which 
appears  on-axis  to  interfere  witti  the  target. 

A  technique  for  extra fjolation  of  the  diffraction  pattern  was  given  in  a 
paper  by  H.  Nagoaka  (Ref.  9).  The  paper  describes  an  on-axis  circular 
source,  illuminating  a  circular  aperture.  The  image  "skirt”  shafre  is  shown 
to  become  nearly  invariant  with  source  radius  for  source  radii  >r  =  100  where 
r  =  KR  sin  0  (see  Figure  59  for  parameter  definition).  This  may  permit  treat¬ 
ment  of  the  aperture -limited  image  as  a  circular  one,  provided  the  above 
mentioned  limit  has  been  surpassed  by  the  source  subtense.  The  geometrical 
edge  of  this  effective  source  must  be  colinear  with  that  of  the  true  source  in 
the  vicinity  of  the  optical  axis  (see  Figure  60)  and  a.s  shown  in  4.4.  2.  this  is 
the  case.  Therefc  .'e,  the  "skirt"  of  the  true  earth  image  (which  is  not  circular) 
may  be  considered  to  be  caused  by  an  effective  circular  source  of  very  large 
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Figure  58.  Cross-sectional  Cuts  of  Kquivalent  Karth  Radiators 
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1  >  KRSINi.  THi  lUAGEO  SOURCE  RACIUS 

«  KRSIN.,  P  ivC  IHt  POINT  OF  INTENSITY  DETERMINATION 
K  2.A 

F'iijurt*  5<‘.  Parameters  in  Najjaoka's  Approach 


location 


INTENSITY  AT  P  1$  NEARLY  INVARIANT  WI'H  *,  FOR  •  >  100. 

IN  TOM  SYSTEM,  5MAGE  HAS  A  RADIUS  OF  tURVATWE 
GREATER  THAN  100  SO  ' ARCE  RADIUS  APPROXIMATION 
IS  VALID 


Figure  GO,  Large-Radius  Earth  Source  Rationalization 
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radius.  Off-axis  [wsition  will  be  considered  to  have  a  negligible  effect  on 
skewing  tiie  diffraction  pattern.  Therefore,  the  technique  of  Na^oka  may  be 
utilized  wherein  the  irradiance  of  a  f>oint  off-axis  (on  the  "skirt”)  is  calcu¬ 
lated,  The  geometry  of  the  spectroradiometer  system  relative  to  the  Nagaoka 
treatment  is  shown  in  Figure  61,  where  it  can  be  seen  the  baffle  aperture  or 
pinhole  lie';:  at  the  image  plane  on-axis.  Using  the  described  approach,  the 
pinhole  irradiance  may  be  easily  calculated.  .Assuming  the  energy  distribu¬ 
tion  to  be  uniform  ovf  r  the  pinhole,  th.e  p<iwer  transferred  is  siiiiply  the  pro¬ 
duct  of  the  irradiance  calculated  and  the  pinhole  area. 

IMACL  PUtlt 


TOW  SVSTtM  OCOMtTHY 

CPftCTlVl  CmCldX  PL*M« 

EA«T!'  sou»ct 


Figure  61.  Similarity  of  Proposed  TOM  System  to  System 
\nal\zed  hv  \aganka 

The  boundary  wave  theory  of  Thomas  Young  allows  the  calculated  energy 
present  at  the  pinhole  to  be  traced  throughout  the  remainder  of  the  spectro- 
radiometer  system.  Referring  to  Figure  61,  it  may  be  seen  that  the  pinhole 
lies  within  the  geometrical  shadow  of  the  circular  earth  source,  and,  there¬ 
fore,  wavefronts  causing  its  diffraction  irradiance  are  due  only  to  the  ring 
or  aperture  rim  component  source.  Therefore,  diffraction. effects  after  the 
mirror  may  be  considered  by  treating  this  ring  source  as  that  source  causing 
all  ensuing  diffraction. 

Calculating  the  diffraction  pattern  on  the  second  mirror  becomes  the 
problem  of  calculating  the  intensity  distribution  of  a  locus  of  point  sources 
radiating  through  the  pinhole,  the  locus  being  the  true  aperture  (not  all  thi 
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primary  mirror  is  illuminated  with  earth  light,  ar\d  the  true  locus  is  the 
periphery  of  this  illuminated  region).  Howevei ,  the  assumption  of  a  circular 
locus  (the  complete  mirror  periphery)  is  made  to ‘simplify  the  mathematics. 
Stretching  this  point,  the  assumption  of  all  images  on-axis  or  equivalently, 
an  on-axis  optica),  system,  will  be  taken  lor  the  remainder  of  the  report. 
Consideration  of  the  angle  involved  in  the  physical  system  layout  justifies  this 
first-order  approximation. 

Returning  to  the  character  of  the  true  p^iint  source  locus,  two  rim  com¬ 
ponents  are  evident:  (1)  the  aperture  rim  and  (2)  the  mirror  rim  --  each 
contributing  four  distinct  regions  of  elemental  earth  radiation.  The  assump¬ 
tion  is  that  this  locus  contairi.s  only  one  of  these  components,  namely,  the 
mirror  rim.  l^roceeding  from  this  point,  now,  the  intensity  distribution  on 
the  second  mirror  can  be  found  by  tlie  line  integral  of  the  locus  of  point  sources 
around  the  mirror  rim.  However,  an  easier  method  is  offered  by  the  principle 
of  superposition  by  making  the  assumption  of  a  circular  pinhole  instead  of 
reactarigular.  The  mechanics  of  integrating  the  irradiance  over  the  pinhole 
are  considerably  reduced  by  the  fact  that  the  resulting  diffraction  pattern 
from  a  point  .source  on  the  primary  mirror  rim  is  axially  symmetric.  There¬ 
fore  the  total  pattern  from  all  p«iintH  on  the  rim  will  likewise  be  axially 
.symmetric.  The  power  on  the  secondary  mirror  (the  integral  of  the  diffraction 
pattern  over  the  mirror  area)  for  each  component  point  source  on  the  rim  is  the 
same  due  to  their  axially  symmetric  pro|)erty,  and  the  total  power  from  the 
rim  is  .simply  the  .sum  of  all  component  powers.  Diffraction  from  each  source 
can  easily  be  found,  neglecting  the  off-axis  skewness,  l>y  considering  the 
classic  condition  of  a  point  source  on-axis  illuminating  a  circular  aperture  at 
a  distance  such  that  Fraunhofer  diffraction  dominates.  The  far-field  intensity 
distribution  is  well  known  and  is  shown  in  Figure  62.  Integration  over  the 
mirror  yields  total  pow'er  passing  through  the  mirror.  The  mechanics  of  this 
integral  arc  reviewed  in  section  4.4.  2.  This  approximation  --  replacing  the 
rectangular  aperture  by  a  circular  one  having  a  diameter  of  the  shortest 
rectangular  dimension  --  is  valid  for  ordcr-of-magnitude  power  levels;  how¬ 
ever,  whether  the  result  is  worst-ca.«e  can  only  be  derived  from  further 
analysis. 

A  mask,.is  applied  to  the  collimated  beam  as  shown  in  Figure  57  such  that 
applying  the  boundary  wave  theory,  the  energy'  passing  through  the  mirror  is 
caused  only  by  the  rim  source  of  the  pinhole,  the  mirror  now  being  the  geo¬ 
metrical  shadow  of  the  original  point  source  (as  shown  by  the  effective  mask 
in  Figure  63).  The  pinhole  rim  source,  now  is  the  sole  source  of  diffracted 
light  for  the  remainder  of  the  system.  Imaging  It  onto  the  detector  through 
the  collimating  system  produces  a  (sin  x/x)2  (sin  y/y)*  typt‘  of  pattern  for 
one  point  on  the  pinhole  (rectangular  rim)  rim  source.  The  totel  pattern  is  a 
rectangular  locus  of  centers,  each  pattern  having  the  (sin  xlxr  (sin  y/y)2 
form.  Mirror  power  integration  is  simplified  by  assuming  (again)  a  circular 
baffle  aperture  and  using  the  aforementioned  integral  technique.  This  method 
is  elaborated  in  4.4.  2,  for  the  approximation  case,  namely,  a  circular  pinhole. 
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4.4.  2  Determination  of  Flux  Through  the  i^inhole 

Determination  of  flux  through  the  piniiole  (baffle  aperture)  will  now  be 
examined.  Referring  to  the  treatment  of  Nagaoka,  the  power  at  Kr\  off-axiB 
point  for  a  circular  source  illuminating  a  circular  a^;erture  is 


2J,(u)l 


Sf)arce 

Image 

where  the  origin  i.s  at  the  point  of  irtere.st.  (Refer  to  Figure  64  and  Figure  G5 
fyr  the  geometry  of  the  situation.  )  The  constant  normalizes  to  unity  the  total 
incident  power  passing  through  the  apt'rlure.  This  integral,  in  the  language 
of  mcdern  o  ptics.  can  be  tran.sforrned  into  a  two-dimen.sional  convolution. 
Proceeding  to  the  determination  of  a  and  6  to  be; 

;  a  *  KH 
6  kR  o 

where  a  and  d  are  defined  in  l  igure  66.  Wiiat  is  being  done  here  is  to  inscribe 
within  the  true  earth  plane  radiator  a  circle,  and  then  determine  whether  its 
Image  radius  justifie.s  the  largo-radius  circular-source  approximation.  If 
such  I-*  the  ca.se,  the  inscr!l>e(i  circular  planar  eartii  source  can  then  be  used 
in  calculating  the  .skirt  of  the  diffraction  pattern.  The  resulting  integration 
is  much  easier  than  liad  the  true  earth  source  (a  noncircular  source)  been 
used.  This  is  illustrated  in  I'igurc  67.  Applying  N’agaoka's  procedure  to  a 
computer  (for  the  cn.se  of  points  outside  the  .source  image),  the  irradiance  level 
is  easily  found.  Multiplication  by  the  hole  area  yields  total  power,  as  the  inten¬ 
sity  is  nearly  constant  over  the  pinhole.  This  is  the  amount  of  diffracted  light 
passing  through  the  pinhole  produced  by  the  primary  mirror. 

Stationing  the  mask  in  the  collimated  beam  effectively  places  the  secondary 
mirror  in  the  geometrical  shadow'  of  the  primary  mirror  rim  source,  and  we 
can  easily  calculate  the  diffraction  produced  by  the  baffle  aperture,  utilizing 
the  circular  aperture  approximation.  Lumping  the  rim  source  of  the  primary 
mirror  into  its  power-equivalent  point  source,  the  resulting  distribution  is  a 
Bessel-type  i  ;en.sity  over  the  secondary  mirror  (neglecting  skewing  of  the 
image).  Integration  over  the  mirror  yields  power  through  the  mirror  (Figure  65). 


Now  treatiiig  the  diffraction  produced  by  the  final  mirror,  the  source  of 
diffracted  light  is  the  pinhole  power-equivalent  point  source,  again  treating  the 
rectangular  aperture  as  circular.  Diffraction  over  the  detector  is  found  by 
simply  imaging  thi.s  point  source  onto  the  back  focal  plane  of  the  mirror.  The 
resulting  intensity  distribution  is  similar  to  the  far-field  pattern  produced  by  the 
pinhole,  namely  a  Bessel  of  revolution.  Detector  power  is  .simply  its  integral 
over  the  detector. 
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The  integration  used  in  power  determination  with  the  circular  aperture 
approximation  in  effect,  given  an  off-axis  point  source  at  infinity  illuminating 
a  circular  aperture,  will  now  be  examined. 

Receiver  power  for  a  »  R  (see  Figure  65)  is 
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where  Hq  is  peak  irradiance  at  the  center  of  the  distribution.  Integration 
over  all  image  space  yields  < 
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In  these  expressions 

K  =  2rT/X 

R^  =  aperture  radius 

■  total  power  through  aperture 

f  *  focal  length 

Simplifying 
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where 
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Transforming  variables 
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Realizing  the  identify 


iiii’ .  i  u 

'733 


7^  (•)>>*  j>') 


the  above  reduces  to 
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u(e)  = 
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4.4.3  Diffraction  Calculations 

The  previous  discussion,  using  Nagaoka’s  procedure,  related  the  diffrac¬ 
tion  resulting  from  the  Illumination  of  a  circular  aperture  by  a  large  circular 
source.  These  principles  have  been  applied  to  a  computer  program  written 
to  evaluate  the  level  of  diffracted  energy  and  to  trace  it  throu^  the  optical 
system.  The  resulting  values  are  derived  from  diffraction  occurring  at  the 
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front  baffle  of  the  system  and  entering  the  tube  i.  j 

reference  along  ihe  elevation,  Tt,e  following  parameters  aleo  a^ply?'^  ' 
Primary  mirror  diameter  »  t  in. 

Primary  mirror  focal  lengtii  =  12  in. 

Piniiole  diameter  =  0.  01  in, 

(-.ollimating  mirror  focal  length  =  7.  5  in. 

Blacklxtdy  eartii  source  temperature  =  300’K 

Figure  r, 8  is  a  characteristic  plot  of  the  diffracted  energy  at  the  first  relav 

since  and  a  wavelen^^h  of  10  mTcrons  ^ 

Since  the  pattern  is  .symmetric,  only  half  has  been  plotted.  Figure  69  shows 

the  result  of  integration  of  the  diffracted  energy  in  comparison ^with  the  signal 
energy  and  indicate.s  the  effectiveness  of  placing  a  Lyot  stmrfmaik  in  i 

diffraction"  mirrors  in  order  to  reduce  the  relative  effect  of  ’ 

In  the  same  manner,  a  two-dimensional  case  computer  program  was  uti- 
is  folWs  Jiffactod  energy  through  the  pinlfole,  The*^-e"uUrwe« 


Primary  Mirror 

iitl 

Spread  (p) 

Pinhole  Energy 

4-in.  din. 
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4-in.  dia. 
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4.  5  OFF-AXIS  RAULATION 


Attenuation  of  off-axis  earth  radiation  by  factors  of  10‘®  to  10*^^ 

on  fVlA  urQ  trol  ai>mt4-K  _ _ i  ^  r  «i  .  .  .  ^ 


- -  wu  iduiaiion  Dv  lactors  of  10  to  in 

mg  on  the  wavelength,  is  required  of  this  instrument  to  prevent  masking  of 
hmb  radiation  by  a  1-deg  off-axis  earth.  This  earth  radTaUon  m^y  be  co^Pled 
into  the  hmb  sensor  field  of  view  by  diffraction  at  various  aperturL  scattilino 

f and  by  internal  reOections  The  required  ® 
ttenuatmn  is  achieved  by  a  combination  of  cooled  blackbody  cavity  baffles  a 
low-scattering  primary  mirror,  and  a  series  of  apodized  stop^ 
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Figure  6P.  Cumulative  Signal  and  Diffraction  Fnercy  at 
First  Relay  Mirror 
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As  was  stated  earlier,  diffracted  earth  energy  is  reduced  by  an  optical 
design  similar  in  concept  to  that  employed  in  the  Lyot  solar  coronagraph. 

Most  of  the  energy  diffracted  at  the  f:*ont  baffle  is  absorbed  by  a  blackbody 
cavity  hood  and  cone  at  the  primary  focus.  A  major  portion  of  the  remainder 
passing  through  the  focal  plane  pinhole  is  blocked  by  a  Lyot  aperture  located 
between  the  collimating  mirrors.  (For  its  effectiveness,  see  Figure  68.  ) 

A  Fourier  transform  computer  program  has  been  compiled  to  calculate  the 
diffracted  field  strength  throughout  the  system.  A  preliminary  analysis  has 
shown  that  10’ watts  of  diffracted  earth  energ>'  in  the  18-  to  25-micron  band¬ 
pass  through  the  focal  plane  aperture  when  the  earth  is  1/2  deg  off-axis.  This 
increases  to  2  x  10"  watts  in  the  10-  to  10.9-micron  band.  The  first  baffle 
was  confirmed  to  be  the  primary  contributor  of  diffracted  energy. 

Further  diffraction  reduction  necessary  for  adequate  system  performance 
will  be  accomplished  by  the  Lyot  stop.  Its  effectiveness  is  increased  by 
apodization  with  a  serrated  edge.  Tiiis  directs  energy  diffracted  by  the  stop 
away  from  the  optical  axis  toward  radiation  traps. 

Stray  earth  infrared  radiation  also  reaches  the  detectors  by  reflections  at 
surfaces  within  the  sensor.  This  reflected  radiation  is  reduced  by  a  series  of 
forcbafflcs  and  a  post  baffle  (Figures  "0,  71,  .nnd  72)  using  the  blackbody 
cavity  as  the  basic  design  element.  The  forebaffles  consist  of  a  series  of 
cone  traps  intercepting  off-axis  encrg>'  included  within  an  82-deg  cone,  as 
radiated  from  the  earth  into  the  entrance  aperture.  The  post  baffle  is  a  black¬ 
body  hood  with  an  inner  cone  that  accepts  and  attenuates  the  off-axis  earth 
image  as  focussed  by  the  primary  at  the  first  focal  plane.  This  energy  is  that 
within  a  7.  5-deg  cone  for  this  preliminary  design. 

Figure  72  shows  the  8-deg  baffle  acceptance  angle  and  illustrates  the 
image  of  the  earth  at  the  first  focal  plane  from  the  earth  radiation  directly 
impinging  on  the  primary.  The  small  cone  provides  the  first  aperture  stop. 
The  hood  (semi-cone)  provides  a  blackbody  cavity  for  the  earth  image. 
Honeywell  tests  on  blackbody  cavities  have  resulted  in  attainment  of  greater 
than  10’ rejection  with  an  L/D  ratio  of  approximately  4.  5  to  1.  The  L/D 
ratio,  as  proposed,  is  approximately  7.  5  to  1  for  the  post  baffle.  Cascading 
of  the  two  baffles  should  provide  a  rejection  capability  of  greater  than  lO^lCT 
and  further  testing  is  expected  to  verify  this. 

T.  s  basic  purpose  of  the  upper  forebaffle  design  is  to  provide  conical  or 
blackbody  baffles  such  that  earth  energy  as  it  impinges  on  the  upper  portion 
of  the  radiom,eter  barrel  cannot  be  seen  by  the  primary  on  the  first  bounce 
(specular)  or  the  first  source  of  reflected  radiation  (diffuse). 

Even  though  no  direct  earth  radiation  impinges  on  the  bottom  side  of  the 
instrument,  the  upper  baffle  edges  are  diffusing  and  scattering.  The  most 
critical  edge  in  radiation  effect  is  the  last  baffle  edge.  The  lower  forebaffles 
are  positioned  to  block  scattered  radiation  from  this  edge,  such  that  no  sur¬ 
face  reflects  or  diffuses  in  a  third-order  effect. 
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This  design  pfovides  an  attenuatHn  of  off-axis,  stray4ight  earth  energy 
in  a  manner  such  that  direct  energy  a  attenuated  in  a  cavity.  No  surface  ia 
exposed  to  the  primary  that  radiates  second-order  reflected  (specular  or 
diffuse)  energy.  Each  baffle  edge  is  slightly  off  (0.  010  to  0.  020  in. )  the  field 
of  view.  It  follows,  therefore,  that  off-axis,  stray-light  effects  are  pre¬ 
dictably  attenuated  except  for  edge  effects.  Specular  reflections  at  the  edges 
of  stops  and  baffles  can.  only  be  prevented  by  having  sharp  edges.  The  Honey¬ 
well  Radiation  Center  has  fabricated  for  the  Canopus  Tracker  (Mariner  '69)  a 
baffle  edge  with  a  radius  equal  to  or  less  than  30  x  10*®  in.  The  same  technique 
can  be  used  in  this  prtjposed  application. 

Some  direct  earth  irradiance  impinges  on  the  primary  directly.  It  if  not 
practical  to  completely  shield  the  primary  behind  the  forebaffle  because  it  is 
desired  to  measure  the  earth  atmosphere  to  within  1  deg  of  the  hard  horison. 

The  forebaffie  length  for  a  5-in.  diameter  primary  would  have  to  be  L  *  5  in./ 
tan  l.O  deg  *  286  in.  =  24  ft  long  to  completely  shade  the  primary.  Efforts 
to  increase  the  l./t)  ratio  by  tiie  use  of  a  honeycomb  (soda  straw)  fot •baffle 
fail  because  the  forebaffle  tubes,  themselves,  greatly  increase  diffraction, 
and  stray  reflections  occur  with.ln  the  tubes  to  produce  unacceptable  noise 
levels. 

The  direct-earth  irradiance  on  the  primary  mirror  is  directly  focussed 
into  the  blackbo<iy  trap  in  the  fir.st  focal  plane.  A  small  component  of  this 
radiation  is  diffusely  scattered  into  2*'  stcradians,  and  the  slit  aperture  in 
the  blackbody  focal  plane  baffle  intercepts  a  portion  of  the  scattered  com¬ 
ponent.  Chnee  the  scattered  radiation  enters  the  first  baffle  slit,  it  is  within 
the  optical  path  and  cannot  be  attenuated  further.  It  is,  therefore,  mandatory 
that  the  scattering  coefficient  of  the  primary  objective  mirror  be  low.  Sub*- 
sequent  optical  .surfaces  do  not  need  this  quality  of  finish. 


4.  5.  1  Scattering 

General  --  Earth  radiation  scattered  from  the  primary  optics  and  passing 
through  the  instrument  field  stop  must  be  controlled  and  minimized  because, 
unless  the  scattered  radiation  is  of  a  sufficiently  low  amplitude,  it  may 
obscrure  the  target  energ>’  being  received  by  the  detector. 

The  primary  mirror  in  the  instrument  is  illuminated  with  direct  earth 
radiation  Hij  and  with  indirect  earth  radiation  coming  from  the  Instrument 
internal  baffle  surfaces.  The  amount  of  radiant  power  intercepted  by  the 
mirror. 


where 


then,  is  given  by 

Pm  = 


-  mirror  area 
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where  nh  *  the  solid  ai.gle  subtended  by  the  pinhole  at  the  primary  mirror. 
Examination  of  the  final  equation  for  the  pt.iwer  received  at  the  pinhole 


shows  ti»at  the  scattered  radiation  can  be  minimi/ed  !)y  minimizing  a  number  of 
variables.  However,  because  of  the  instrument  requirenients  on  aperture  sire, 
illumination,  and  field  of  view,  the  only  variables  which  can  lie  controlled  are 
Hji  and  6(0).  The  indirect  earth  radiation  has  already  been  discussed. 


The  scattering  coefficient  fiC/ )  's  the  function  of  wa\'e]ength,  angle  of 
incidence,  and  mirror  characteristics  sucti  as  sub.strate,  overcoating,  pcjlish, 
etc.  Recent  test.s  with  14  sample  flat  mirrors  provided  by  the  Speedring 
Corporation  of  Warren,  Michigan,  provided  tiie  following  data; 


Material  Percent  of  Scattering 

304  stainle.ss  (no  coating)  0.  34  -  0.  53 

440  stainless  (no  coating)  0,  4  -  2.  0 

Beryllium  (no  coating)  1.  35  -  3.  2 

60S1  aluminum  (electroless  nickel)  0.  14  •  0.40 

Brass  (no  coating)  5.  7  -  G.  4 

Brass  (electroless  nickel)  0.  9G  -  0.  42 

Loc-Alloy  (electroless  nickel)  0.22  -  0.375 

Quartz  s'distrate  (dielectric  mirror)  0.  0005 


The  radiation  incident  on  the  mirror  at  an  angle  a  scatters  according  to 
a  '  scattering  coefficient  t{.a),  which  defines  the  amplitude  and  direction  of 
the  scattered  component.  The  pinhole  receives  the  scattered  energy  directed 
into  its  field  of  view  as  given  by 


Tht  testing  was  performed  using  a  helium-neon  laser  at  6328^  in  order  to 
evaluate  quantitatively  the  characteristics  of  the  different  materials.  The  test 
specimens  were  polished  using  the  same  technique  for  essentially  the  same 
time.  The  data  do  not,  reflect  the  best  polishing  effort  but  do  present  a  basis 
for  relative  comparison.  In  addition,  each  of  the  coated  samples  (electroless 
nickel)  have  been  representatively  submerged  into  LN2  for  a  shock  thermal 
test  of  coating  adhesion  with  no  trace  of  crazing. 

The  resulting  data  were  included  in  the  tradeoff  to  determine  the  most 
suitable  material  for  the  system  reflective  optics.  (Further  discussion  of  the 
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choice  of  material  for  the  optics  is  presented  in  4.  6.  2. 

time  to  state  that  mirrors  made  of  aluminum  substrate  with  an  electivl# 

nickel  overcoating  have  been  chosen. ) 

electroless  nickel  overcoat  and  polished  to  a  h.gh  degree,  notn  yisi 

(6328)1)  and  infrared  (10.  6-micron)  measurements  a'cre  made 

C09  laser  sTurces  incident  normally  on  the  mirror  surface.  A  (I^d)Te  (W) 

detector"  ZtoLter  (visible)  is  used  to  detect  radiation 

directions  ^and  a  chopper  ir  adulates  the  laser  oeam  to 

tom  the  ambient  Lickwound.  Figure  73  shews  the  typical  test  setup  for  the 

characteristics  of  the  sulfur  slab. 


Figure  73..  Light-Scatlerirg  Measurement  Technique 
The  mumlnated  spot  le  smaUer  then  the  detector  field  of 


fore 


where 


,  With  trdtftuee'’r'Tn  pyce.  the  iVradiance  on  the  detector  fa  given  by 


H 


P.  c  2 

cos  a  (watt/ cm  ) 


-rr 


(2) 


=  incident  power  (watts) 
0  .  =  diffuser  reflectivity 
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or  =  angle  from  normal  incidence 
r  =  distance  from  sample  to  detector 

The  mirr  'r  '  ,  a  specular  reflector  and  the  laser  beam  is  highW  collimated. 
For  example,  the  secondary  maxima  of  the  CO2  laser  beam  is  10”^of  the  main 
beam  peak.  Therefore,  to  a  firs»,  approximation,  the  intensity  at  the  detector 
scattered  from  the  mirror  sample  will  be  independent  of  r.  The  irradiance 
therefore  is  given  by 

^i  2 

.Hm(o)  =  5(0')  (watt/cm^)  (3) 

b 

where 

A.  =  area  of  illuminated  spot 

^  V-* 

6(a)  =  angular  scattering  coefficient 


Measurements  of  il.e  primary  mirror  show  that  for  O'  =  15  deg,  the  ratio 
of  mirror-scattered  intensity  to  diffuser  intensity  at  10.  6  microns  is  10" 5. 
Therefore 


H^(a) 

m 

H. 


Ab  Pjj  COS  a 


=  10 


-5 


(4) 


To  apply  these  measurements  to  the  limb  measurement  sensor,  it  is 
necessary  to  relate  the  scattered  component  to  the  input  flux.  The  desired 
quantity  is  [from  equation  (3)] 


m 

H. 


6(a) 


where 

H.  =  P/A. 
i  l  b 

However,  using  equation  (4) 

A.  p.  coca 

-Bi~-  -i-i, -  X  10-5 


H. 


rr 


-2  2 

Since  Aj^  *  7.  5  x  10  in. 


Pd 


=  0.85 


(5) 


(6) 
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Then 


cos  Q  ~  0.  96C 
r  =  4  in. 


"m'*' 


1.  2  X  10' 


In  the  intended  application,  earth  radiation  will  directly  illuminate  the 
mirror  from  atout  1  deg  off-axis  to  the  angle  defined  by  the  cotangent  of  the 

diameter  ratio.  At  larger  angles  off-axis,  earth  radiation 
mary^l^OT^^^  interior  of  the  forebaffle  before  illuminating  the  pri- 

and  i V components 

condiHons^^  --micron  window  region,  is  estimated  under  the  following 

Temperature  of  earth  =  270'’K 
Emissivity  of  earth  =1.0 
Minimum  baffle  angle  =  10  deg 
Absorptivity  of  baffle  =  0,  98  (diffuse) 

Spectral  bandwidth  ;=  1  micron 
Diameter  of  mirroi  =  5  in. 

Direct  illumination  within  the  minimum  baffle  angle  and  averaged  over 
the  mirror  surface  can  be  determined  by  the  sum  averagea  over 


't  ’  Y.  ^ 


where 


earth  radiance  =  6.4  x  10*^  watt/cm^-ster-micron 


0  -  incremental  solid  angle  subtended  by  earth  (measured  at  aperture) 


“  incremental  mirror  area 
=  total  mirror  area 
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Summing  throughout  off-axis  angles  from  0  to  10  de  .  yields 

H.  =  3  X  10  ^  watt/cm^ 

1 

Using  mirror  scattering  measurements  for  o  =  15  deg,  the  irradiance  at  the 
field  stop  for  direct  illumination  on  the  total  mirror  surface  area  is 

=  3  X  10  ^  X  1.  2  X  10  ^  X  127  =  4.  6  x  10  watts/cm" 

This  corresponds  to  a  photon  fiux  of 

8  2 
=  2.  8  X  10  photons/ sec-cm 

This  number  may  be  small  since  the  scattering  measurements  used  were 
for  off-axis  angles  of  15  deg.  In  the  intended  application,  off-axis  angles  in 
the  range  from  5  to  10  deg  contribute  the  largest  fraction  of  the  total  direct- 
scattered  component.  Measurements  yet  to  be  made  may  show  a  larger 
scattering  coefficient  5  to  10  deg  from  the  incident  beam. 

A  conservative  estimate  of  tiie  indirect  earth  radiation  reflected  from  the 
baffle  interior  can  be  made  by  assuming  the  baffle  is  a  cylindrical  cavity  with 
an  effective  temperature  equal  to  that  of  the  earth  (270°K),  and  with  an  emis- 
sivity  equal  to  the  reflectance  of  tiie  interior  surface.  Black  paint  (such  as 
3M  Black  Velvet)  will  achieve  an  emissivity  on  the  order  of  0.  98  with  good 
diffuse  reflectance  propicrties. 

The  radiance  of  tlie  baffle  interior  surface  is  then 

N.  =  2  X  10  ^  x—  x  2  X  10  ^  =  1.  27  X  10  ^  watt/cm^-ster 
b  - 

Assuming  the  entire  interior  surface  of  the  baffle  is  illuminated,  then  the 
view  factor  from  the  mirror  is  nearly  2n  steradians  and  the  irradiance  on  the 
mirror  will  be 

H.  =  1.  27  X  lO”^  X  2?t  =  8  X  10*^  watt/cm^ 

This  radiation  is  incident  on  the  mirror  from  nearly  a  full  hemisphere  and, 
for  the  most  part,  will  be  reflected  off  the  mirror,  outside  the  detector  field 
of  view,  to  be  absorbed  by  internal  baffle  surfaces.  A  small  portion,  however, 
will  be  scattered  into  the  field  of  view  and  to  compute  this  quantity,  the  hemis¬ 
pherical  scattering  coefficient  must  be  used.  For  the  mirror  |;e8ted,  the 
hemispherical  scattering  coefficient  is  estimated  to  be  4  x  10”®. 

The  scattered  component  will  be  distributed  throughout  a  full  hemisphere 
and  as  a  result  the  radiant  intensity  for  the  entire  mirror  as  viewed  by  the 
detector  will  be 
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J  =  8  X  lO'^  X  X  127  X  4  X  10  ^ 
m 


J  a  6.  5  X  lO"^  watt/ster 
m 


The  focal  length  of  the  primary  is  31  cm  so  the  irradiance  at  the  field  stop 


IS 


,-9 


II  =  =  G.  9  X  lO'^^  watt/cm^ 


^  (31)“ 

This  value  of  flux  density  at  the  field  slop  corresponds  to  a  photon  rate  of 
=  4.  1  X  10  photons/ sec-cm“ 

The  actual  piioton  rate  from  this  source  is  expected  to  be  somewhat 
smaller  for  two  reasons,  namely: 

•  The  earth  does  not  illuminate  tlie  entire  interior  surface  of 
the  baffle. 

•  The  effective  emissivity  of  the  baffle  interior  will  be  larger 
than  0.  98,  due  to  the  presence  of  numerous  knife-edge  cavity 
traps. 

Summing  the  flux  from  direct-earth  illumination  with  reflected  radiation 
from  the  baffle  interior  yields  a  total  photon  rate  at  the  field  stop  of 

8  2 

Q^(total)  =  6.9x10  photons/. sec -cm 

The  NEFD  requirement  translated  to  flux  density  at  the  field  stop  yields 
3.  4  X  10"  12  watt/ cm2  ^  mirror  reflectivity  of  0.  95. 

The  equivalent  noise  photon  rate  is  therefore 

(NEFD)  =  2  X  10^  photons/ sec-cm^ 


Based  on  these  calculations,  earth  radiation  scattered  from  the  primary 
mirror  degrades  the  required  signal  to  noise  ratio  by  a  factor  of  nearly  3.  5. 
In  terms  of  the  model  radiance/altitude  profiles,  the  scattered  component 
reduces  the  upper-limit  tangent  height  by  about  lOlfto  maintain  a  signal-to- 
noise  ratio  of  10. 
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4.  5.  2  Baffle  Interior  Irradiance  Analysis 

A  useful  quantity  in  baffle  design  is  the  irradiance  from  the  earth  along 
the  top  edge  of  the  locus  of  the  interior  edges  of  the  baffle  plates.  From  this 
plot  (irradiance  on  a  l-cm2  square  versus  distance  into  the  baffle  tube)  the 
baffle  designer  can  determine  an  optimal  sefjaration  and/or  arrangement  of 
the  plates. 


In  the  analysis  of  this  irradiance  function,  what  is  desired  is  the  inte¬ 
grated  radiance  of  the  earth  source  on  a  square  area,  the  integration  being 
over  the  solid  angle  subtended  by  the  source  (at  a  given  receiver -square 
position).  In  the  following  analysis,  the  locus  of  the  interior  baffle  edges  is 
referred  to  as  a  "tube",  and  the  problem  is  simply  that  of  performing  integra¬ 
tion  on  a  point  receiver  with  given  receiver-source  geometry  (at  each  receiver- 
square  position).  Tube  geometry  relative  to  the  earth  is  shown  in  Figure  75, 
the  earth-tube  system  being  symmetric  about  a  plane  containing  the  axis  of 
the  tube  and  the  center  of  the  earth. 


Interior  tube  irradiance  is 


/ 

Receiver 


Source 


Nl^p)  cos  dAg 

- ^ - 2 - 

p 


where 

N(ng) 


dA 

dA 


s 

r 


n 

8 


source  radiation  law 
elemental  source  area 
elemental  receiver  area 
angle  from  source  normal 
angle  from  receiver  normal 

distance  between  source  and  receiver  elemental  areas 


The  geometry  of  this  integral  is  illustrated  in  Figure  76.  The  integration 
is  performed  within  a  spherical  system  centered  at  the  point  at  which  the 
irradiance  is  to  be  determined  as  shown  in  Figure  77.  Integraticn  over  theta 
(the  azimuthal  angle)  is  performed  first.  Two  limit  functions  are  neces¬ 
sary,  as  0  is  first  determined  by  the  source  (a  «  0  s  C^)  and  then  by  the 
aperture  (®i  «  0  s  3),  where  a  =  0.  5  deg,  3  =  tan"^  (<r/t-d).  These  limit  func¬ 
tions  are  shown  in  4.  5.  3  to  be 


« 
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RECEIVER 


Figure  76.  Transfer  Geometry 


CROSS-SECTIOR 
VIEW  OP  TUBE 


0  <  d  <  I 


•  measured  prom  V  WTO  Z 


Figure  77.  Receiver-Point  Coordi 
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6  (»,d)  =  iy*‘‘>-  sin  y  cos  i.] 

8  COS  y  sin  i  j 

8^(J,d)  .  cos-‘[ii=^te-"-i-|. 


where  flg  (^,  d)  and  0^^  d)  are  the  sphere  and  aperture  limit  functions, 
respectively.  Irradiance  is  tiierefore 


5.  d) 


H.j,(d)  =  j 


N(r  )  cos  r  dA 
s  r  s 


<j  d) 


J  d) 

/  I 


N(r  )  COS  T,  dA 

8  i'  8 


where  is  that  polar  angle  determined  by  the  interpcction  of  the  limit  func¬ 
tions;  is  shown  in  4.  5,  3  to  be 

r  •>  •)  J I 

j  ,  co«*  *  r  "in  •  ir~»m‘(yo)  -  Ur  »in  >-  (t-d)  cony  ]  (t-d)  co«  y  )*' * 

ir  y  -  C^  R  i  I 

By  symmetry  and  source  projection  considerations  shown  in  Figure  78. 
we  have  (assuming  Lambertian  radiation) 


H.J.  =  2N  j 


t.  9  (i,  d)  s  stn  id  Ji  d  0 
1  s  I  ■  i--.  —  I—  .  COB  n  cos  -) 

r  r  cos  r  I 


+  2N 


i/ 


2 

J  0.  (*,  d)  c  sin  w  d  0d  9 

d  A  .  COB  r\  cos  r 

r  r  cos  1.  r  s 
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dAj  =  ELEMCNTAL  SOUIICE  AREA 

ctA^  =*  ELEMERTAL  COORWRATE  SYSTEM  AREA 

^  ,  =  PROJECTIOR  ARGLE 


Figure  78.  Angular  .ense  Considerations 
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where  N(’"  .)  *  N-  cos  n  ,  Realizing  cos  r  =  sin  sf  cos  0 


=  2N 


I  ! 


sin“  5  cos  0  d  0  d 


0^(w,  d) 


/  / 


sin”  V  cos  0  d  0  d  v!  ) 


Integrating  first  over  theta 


fh 


s  -JN  /  j  sin”  ;  sin  L0^(;,  d)]  d? 


*/ 


sin"  ;  sin  d)]  d? 


This  transcendental  integration  was  done  by  computer  with  inputs  being 
earth-tube  geometry  and  radiance  level  of  the  source  (300®K  blackbody). 


4 .  5.  3  Integral  Limit  T- unctions 

The  integral  limit  functions  are  fewnd  by  expressing  the  source  (a  sphere) 
and  the  receivei*  (a  cylinder'  in  terms  of  the  system  shown  in  Figure  77. 
Coordinate  transformations  involved  are  shown  in  Figure  <9  and  are 

X  '  =  +  d 

o 

y'  >  y^"- 

X  -  x'  cos  y  -  y'  sin  y 
y  =  X '  sin  y  +  y ''  cos  y 
z  =  z ' 
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Figurt'  "P.  Coor{Mnate  Transformations 
The  aperture  expression  is 

,2  ^  t2  2 

y  z  a  r 

x'  t 

w^hlle  the  sphere  may  be  expressed  as 

2  ’’2  2 
+  (y  -  11)“  + 

In  terms  of  the  spherical  system, 

y  -  0  sin  i  cos  ^ 

•'o 

z  *  0  sin  i  sin  0 
o 

»  p  cos  0 
they  are,  respectively 

2  2  2 
(p  sin  0  cos  0  -  r)  +  (p  sin  C  sin  9)  *  r 

p  cos  0  d  -  t 
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[  (p  cos  ^  +  d)  cos  y  -  (p  sin  j  cos  0  -  r)  sin  y}^ 


[  (p  cos  3  +  d)  sin  y  (p  sin  3  cos  6  -  r)  cos  y- 


2 

( p  sin  3  sin  Q)  =  R" 


Eliminating  p  from  the  aperture  function  yields 


cos  0  = 


{I  -  <i)  tan  3 


12  2 

while  recognizing  that  p  =  VH  -R  is  true  for  all  points  on  the  sphere  locus, 
its  limit  function  becomes 


2  2  ,  2  2 
p.“  +  2p,d  cos  3  *  d“  -  2p.r  cos  W  sin  3  *  r“  11“ 


2H  .(p,  cos  3  ^  (1)  sin  y+  (p.  sin  3  cos  0  -  r)  cos  y]  *  R‘ 


where 


P.  «  VH  '  -  R' 


Solving  for  cos  9,  and  recogni  7tng 


=  sin  (y  O’) 


the  above  expression  becomes 


a  sin  (y  +  o)  -  sin  y  cos 

cos  9  =  - - 1:^ - j - ;;■*  . . 

cos  y  sin  3 


Equating  the  cos  9  expressions  produces  the  ®  of  intersection  of  the  limit 
functions,  3j,  A  quadratic  results,  which  is  solved  for  cos  namely 


[2r  sin  y  -  (l-d)  cos  yjcos  3,  -  2r  sin  (y+  a)  cos  3. 


-*•  (t  -  d)  cos  y  =  0 


This  yields  the  aforementioned  expression  for  3.  The  computer  program  used 
for  irradiance  calculation  is  shown  in  Figure  Bu  and  the  plots  themselves  are 
shown  in  Fi  gures  81  through  85. 
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Figure  80,  Irradiance  Calculuvion  Computer  Program 
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DISTANCE  ALONG  TUBE  (CM) 


P'igure  81.  Irradiance  Along  Top  Kdge  of  Tube  as  a  Function 
of  Tilt  Angle  -  5.0-inch  .Aperture,  36-inch  Length 
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4-6  PARAMETKK"  ANAI.YM' 

s’lgnal-to-noise  ratio  and  caKulatinp  "oise-in-stgnal-limited 

the  selected  spect-al  regions  ^  for  various  tangent  heights  in 

4.6.1  Radiometric  Input 

specks  ^--e  of 

on  the  radiance  level  irorn  thi^ym-kground'^’  heights 

T^^ds  listed  in  Tahiti ‘^on^f ifuents  the  spectral 
«n  term-.,  of  s/N  of  the  >•.  <tee,  and\h.tect nr^  ’hen  re-evaluated 

■'^pectrallv  split  the  r.eiiaru  e.‘  Thl  Ine  1  c«ffraction  gratings  to 

re-evalu.ition  arc  liste  j  m  T  dde  in  ur>H.  r\i  ^*  ^**^"*]  as  a  result  of  the 

spectral  hanh.n  require  t  Ao  dir,- r  Proposed  wavelength  regions  These 
alternatnHv  one’n  .t  aurrnj  or. 

-K  .i  micron.-:  with  a  resolution’  rnu'e  of  0  ^ ftiicrons  to 

a  detector  aspect  ratio  change  of  ,3-1  /v  0  °  "hich  gives 

to  18  microns  with  a  resolution  of  0.  .l^mirron m^'^r  goes  from  9.3 
detector  aspect  r.atio  change  of  3-1/3.  l  in  1  v  the  ?<  V  oc  ^ 

achieved  u.sing  a  beimsnJitter  oe  -  1  “  2.5-niicron  region 

tor.  Present  plans  in;  had!  ar  opnm; f  the^deteo- 

the  energy  ,n  e,„  h  hnnd  ve,  ,,rrrcr.<.  ;p,.r,r,-,l  mfoSon, 

Radiance  levels  --  The  im.  1.1  .  . 

'c^3\  to  roTT  i^Tnimum  in'each  spp’,  trll  remo  w'*  with  a  .S/N 

ra._  values  shown  for  each 

hii  gtt  f^'  a  nl^ghM? mV,  VofidJ^i  shmen^i n  F^'  of  tangent 

A.  These  curves  were  gene'-ated  ^rom  \  through  A18  of  Appendix 

entitled  "Infrared  Radiant  Background  “Studies  in  th^S  to  ^ 

Region.  Notice  on  the  rurv^c  ^  Micrometer 

radiance  levels  contained  in  Fipire'sc""'”""  "’ 

Cenaiderat.on  When  N-piae  in  Signal  Cannol  he  Ignored 

,uanmfe“;for1h?7rcar/n^rriu.  „fY'r'  "'’a'’  '5'=™  '<- ■  "ne  ueeM 

ignore  noise  in  signal  which  predomin'a'tcs''fnT'lH‘^K’'a"^'  they  all 

the  above  figures  of  merit  a.e  o/Zr.ed  t.Jerurne^^tnr'’'’''’"’''  Therefore, 
iaken  w„h  the  use  of  ,he  roncepf  of  d/N  as  will  now- be  show^ 
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Tht*  effective  signal  is  defined  by 

s..  p  .  m 

g  s  o 

where  -g  is  quantum  efficiency.  is  peak  signal  power,  and  is  optical 
efficiency 


)ton-NQi 


n  IS 
P 


se- Limited  Crse  --  The  mean  number  of  photons  in  one  dwell  time 

..  p  +  p  i  * 

o  *  s  ‘jlll)  (8) 


where  P  is  the  ha<  kg-oun<j  »>ower  incident  u{)on  detector  and  is  the  system 
dwell  tirAc.  For  ncmi  arrier  sy.'i^terns 

, _ L„ 

1)  2.if 

where  iif  is  the  'i-dh  hriseijafid  tiandw idtii  (not  tlu  noise  equivalent  bandwidth). 


Therefore 


"  P  P  *  V  \ 

>;  o  ^ 

2h  .O' 


and  the  rm«  variation  in  is 

/('  P  ‘  P,,) 

2h  Of 

which  yield-  a  S/N  ffo-'  prntiability  of  detertion)  of 


P  ' 
s  o 


s/N  = 


incident  on  detector.  For  photocondurti vc  detectors  the  output  noise  power  is 
double  the  generation  noise  due  to  recombination.  Therefore,  the  output  peak 
signal  to  rms  noise  voltage  ratio  referred  to  input  power  is  given  by 


S/X  - 


P  c 
s  o 


4hvAf  P^  ^  P^) 


ignoring  internal  detector  noise. 
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Inv'^ernal  P-'Mector  Noise  Contriibution  --  The  rms  internal  detector  noise 
voliage  per  root  cycle  at  tKe  output,  st  can  be  referred  to  the  input  power 
by  responsivity  as 

"j  "-’ll - 

where  R  ih  the  detector  responsu'ity.  and  v  .  the  spectral  voltage  density 
It  is  readily  apparent  from  equation  03)  that  The  photon  rms  noise  voltage  at 

the  output  of  fietector.  v  ^  is  given 

fe 


j  H  Y4h  v  Af  /’  P  ’  P.J  ' 
g  o  s  P  g 

and  the  total  noise  is  given  by 


l  -'g 


I  '}  -r  ,  ^  ^  a 

(v  ;  *  .•",  a  I  -owi'  p  -  p„)  ^ 

!  e  '•  o  .  n  R  ^ 


VSf  (16) 


where  use  was  made  of 


-  -- 
n  y 


for  f) -dh./ octave  rolloff.  Hcferring  to  input  power  bydividing  by  R  and 
substituting  in  equation  (13)  in  place  of  the  photon  noi.^e  yields 


‘^/N  ^  - — ======== 


e 


U  4hv(-oP,^Pe>  'g 


2R  J 


However,  the  resoonsivitv  can  be  wriTten 


R  =  '■(P,  "Pn> 
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for  BLIP  detect'- rs  yielding 


s  g  o 


S/N  = 


\  f 

2 

\  ■ 

<3 

^  d 

V 

4h .  (.  .,i>^  . 

u. 

'  p  -1  p,,'p 

2  /  o  s  H 

Af 

If  j  j  is  thermal  noise  if.  \\iil  also  be  proi>orlional  to  •* 

ffowever.  the  limiting  noise  may  be  prtfamtdifier  noise  which  will  be  a  com¬ 
plicated  function  of  (P^  »  P^^)  sm  e  the  detector  resistance  changes  inversely 

with  (I’g  *  Pfj)  in  Ml, IP  fieteriofs.  The  -elat.ve  eontribution  of  1/f  noise  may 
vary  with  (P^i  *  Ph^  sir  ce  the  <  rossove!-  f,-<'quem  y  will  var>  Therefore,  for 
a  first  afipro.'Cimation  the  dete*.  tar  noi.^e  voltage  will  he  assumed  to  varv  as 
(Py  *  Pjj)  '1/2  (therm. d  noise  limited)  or 


u  ,  (P 


P..) 


-  1/2 


and 


S/  N 


' 


W  '■  -1 

V(4h.  ‘k,,)  -P,^) 


fih) 


where 

k  1  ■= - twntts/H?)  and  -  -  -  - 

d  ^  ^2  so  c 

with  "  the  elcrttonic  efficiencv  and  '■  the  sv.ctem  cfficiencv. 
e  '  s  * 

These  are  two  possible  definitions  for  the  noise  equivalent  power  tNEP) 
of  a  system  which  arm  fa)  that  power  incident  upon  a  detector  which  gives 
rise  to  a  peak-signal-voltage-to- rms-noise-voltage  ratio  at  the  output  of  unity 
and  (b)  the  NEP  is  the  incident  ’-ower  di'.-idcd  by  the  measured  peak-signal- 
voltage-to-rms-voltage  ratio  due  to  'he  incident  power  Both  definitions 
yield  the  same  result  as  long  as  the  nc'se  is  ind'-oendent  of  incident  signal 
power,  i.e..  >>  P^,. 

From  equation  flP)  the  \EP  as  defined  in  ^  yields 
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NEP  =  P  ) 

d  o  s  B  g  s 


whereas  the  NEP  defined  in(a)  is  given  by 


(4h  j  +  k,) 


NEP  = 


i  iH  1 


ego 


(4hj+ 


and  it  can  be  seen  that  in  the  limiting  cases  of 


h  j»  k^  and  hv>>Pjpj 


NEP  » 


4h  f 


e  go 


P„  >>  k  ,  and  P  ,  »h  v  Af 

11  (1  t> 

\/lhv  P„^f-„‘''  ’ 

vr  r*  \l  B  g  O 


NEP  » 


k  ,  »  hv  and  k  f  »  P„ 
d  d  H 


NEP» 


k^^f 


which  are  the  appropriate  limitvS. 


Wh  '-eas  juation  (20)  yields  the  P  nits 


hv  and  hv<i  f  >  ^Pj^ 


NEP  » 


v.'hich  in  the  limit  P„  -  0  becomes  NEP  -  0 

s 
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^f 


NKP 


4h  vP,j  :^f  ' 


There  is  nn  limitinf^  condition  for- 

r:  ,  ■>>  P  md  k  ,  >  i’, 

which  IS  independent  of  Pj^  orui  P  . 

Therefore,  the  correct  definition  for  NP’^  is  (a)  above  as  expresscrd  in 
equation  (20)  and  yields  an  NKP  intiependent  of  signal  level.  With  this  defi¬ 
nition  of  \I.P  llie  Jicak-sigr  il-vo!t.ige-to-rms-no;se-vollage  ratio  is  given  by 


s '\ 


1  i/'-i 


(25) 


which  represents  a  qiiartic  equation  for  S/N.  Equation  (15)  i.c  the  proper 
equation  to  compute  S/\  v.ith  ease.  Equation  (25)  illustrate.^  the  fact  that  the 
concept  of  N'EP  is  not  verv  useful  except  under  the  limiting  conditions 

Pg  (4h  j  -  k^j) 
which  yields 

"  P 

s/\  --  ^ 

NEP 
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and 


P„  <<(4h  j  -  k  d 
F3  d 

which  yields 


All  the  ottier  noise  equivalent  system  parameters  such  as  NER,  NEED, 
NET,  et  .  .  ire  directly  related  to  NEP  by  system  parameters.  Therefore, 
the  above  comments  cnncernintj  NEP  apply  to  them  equally  well. 

Probability  of  Detection  and  *  alse-.Alartn  Rate  --In  the  above  derivation  for 
S/N.  the  noi.se  wa.s  computed  with  .-i^nal  p.esent  and  is  directly  applicable  to 
probability  of  detection  of  the  .sij»nal.  However,  the  s/N  to  I  e  used  for  de¬ 
termination  of  f ai se - al <irm  rate  requires  the  calculation  of  the  noise  in  the 
ab.sence  of  .si(*rial.  Hence,  the  two '^'N 


Vf4hv  ^  k^,>  (P^  -  Pj^)  ^ 


-1 


and 


-  I’ 


P„  Af  Y’ 

are  equal  only  in  the  lirr.it  P^/P^^  »0. 

Detection  mechanism.®  and  a  detailed  comparison  between  germanium  and 
HgCd,  Te  detectors  are  found  in  section  4.  3, 


(^/N) 


fa 


15r, 
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4 .  fi .  3  System  Tradeoff 

Starting  with  equation  (19)  in  section  4.6.2 


1'  - 


S/N  V(4h^  •  K  ,)  (’  P  -  P,,)  - 

(i  o  s  H  g 


(19) 


m'i  using  ’he  -issunip’ioii  tii.tt  the  intc’-nal  tietertor  noi.'^e  is  nogligihlc 
(4h  y>'*k  ,)  i.'if!  th‘‘  e\]).''**~s5r>n  !or  1)  ^  of  a  ptiotocoiuluctive  dtMeclor  is 


(26) 


where  I  IS  the  signal  phtiton  flux  and  .Ijj  is  tiie  haikground  photon  flux.  An 
expr'-ssfon  for  s/\'  m  inrtns  of  ()  a^  c.-m  ''he  dctei'inined.  vi/ 


S/\ 


^/flrTTj 


(27) 


where  A  ,  is  the  rleteetor  are 
f! 


a. 


While  ‘'quation  (271  is  '’orrect  for  the  noi se -in-the -signal -limited  case 
it  c.annut  he  sc 'led  dire' fly  since  ’h«  1)  ^  is  also  a  function  of  P  .  There¬ 
fore.  this  expression  \'as  used  to  determine  the  S/N  for  a  particular  P  and 
scaling  IS  penformert  h.y  the  expression  ^ 


S/N  =  -\n\ 


(2  8) 


To  analv;-e  (he  system,  equation  (2  7)  must  be  evaluated. 

The  .system  efficiency  is  composed  of  the  chopping  efficiency  preamplifier 
noise  and  other  system  ‘  losses  not  including  optics. 

The  nowrr  from  the  instantaneous  field  of  view  fallirg  on  the  detector  P  is 
equal  to  ^ 


P 


(29) 
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whe  re 

2 

NX.  s  radiante  from  target  (watt/cm  -ster-micron) 
a  ^  solid  instantaneous  field  of  view  (ster) 

»  spectral  bandwidth  (niicronsl 

T  =  optical  transmission  (percent) 

o 

A  “  area  of  entrance  pupil  (cm“) 

Q 

[)"  term  IS  defined  by  equation  (20).  Thus  substituting  equations 
(2  8)  int!  (28)  into  equation  (2")  gives 


.S/N 


1/2 

-JNy  - 

21,.  Lt  A^i  (-„  .1^  '  .ij 

k 


(20) 


Equation  (’>0)  ran  now  be  evaluateil  using  tlic  following  system  parameters: 

t-  s  •r. I ^  s  0.  1/  *  (see  Table  20) 
s  o 

=  See  Appendi.x  A 

?i  -  1.5  mr  (hori rental)  by  0.5  mr  (vert) 


iiV  -  Sec  T  iblc  20 

T  *  See  Tabic  20 

o 

A  =  5  in.  diameter,  f/3 
o 

=  50t  for  (Hg.rd)Te  =  15<for  doped  germanium 

g 

V  =  C/V 

14  ( 

C  =  2.0P8  X  10  micron/ see 

\  =  4  .  .5  to  25  microns 

iif  -  6.77  )I7, 

A  .  =  22 . 5  bv  7.  5  mils 

d 

.T  =  P  /ha  (see  Appendix  A) 

s  s 

.Tp  =  Negligible  .1^  »  .1^ 
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i^aluesi.  Notice  m  the  figure  that  ^  svstem  tradeoff  factors 

the  rest  of  the  bands  exceed  example,  the  aperture  diameter 

exist  with  w  iich  to  optlml^e  ^  hafflinc  technique.  The  width  of  the 

is  aet  by  the  s.t.  of  th.  v,hul.-  '  X  dew’or  and  the  mono- 

spectral  bands  are  set  by  the  aspe.t  ■  la-  traded  are  the 

chrometer  des.gn.  Thus,  the  only  7J'“  '  '  *  ,  ..Lrameters,  the  more 

bandwidth  (.Ifl  and  the  resolu.ion,  O.  th  .  1  j  a,  a  ,  ale  of 

important  seems  m  the  .lancli^iuta  _  1  ^  ^  lO'^^rad’-  6.725  mini- 

13.45  resolutton  elements  and  the  sniing  of  the  S/N 

radians/see).  A  raster  scan  tim*.  ma>  ^e  aes  r 

•^dth  bandwidth  ts  »■*  follows' 


j  > 

S 

new  1  N 

orig 


& 

/  new 


Appendix  A  show 


the 


,  -u-  turn  of  tangent  height  for  all  spertral  bands 

_ ^  ...sf  nrl  llKln0  nnlv 


xcept  the  4.  to  '.0- mi  cron 


Th.-ty.-  curves  were  p-nerated  using  only 

‘  '  ’  ■  .  .  . .  1  lAn  - 


O-micron  !  ino  in*',  v  ...  —  r- 

the  SO-.  bO  ind  1  r.-kn>  t,,nB-'nt  ;"  'ei's  am!  the  limh 

"nhe  oar»  ihe'!^"  exceed's  a  vaUie  o!^  10/  1  Irom  tangent  heights  of  from 
f.O  Wni  to  an  average  of  al>out  100  km. 


4.7  (IPTU  AI  OK'ilC.N 


4,V.l  Gener.ol  iH-sign 


The  nptu'.al  design 
of  unwanted  earth  radi.at’.on 


Vy.-tsrd  nrimanlv  on  the  need  for  extreme  attenuation 
when  the  rarth  is  close  to  the  optical  axis.  Thus 


VurtheZ'^rc'  Ihe  c^oice'orron/iguration  and  material  ir  governed 
primarily  hy  the  requirement  for  lo-.v  scattering. 


when  me  eano  ic  t 

bn, fling  spm  i»iiy  'I 


.be  ctse  nf  the  op, .ml  f  y-den, .  the  ehi-t^yi-';-  "nti; 'rningle 

irtan.  c  ,n  nrhievmg  on  ..rcepta^  rderted  n.-!  the  obiertn-e  system, 

element  which  minimi  rC^  “  ^  i  q  7^,^.  v  n  5  mr  i=  compatible  with  this  ap- 

The  narrow  field  requirement  o.  1  -  offset  from  its  optical 

oroheh.  The  nbiective  element  is  a  nn^ino  radiation. 


Jld  S'^bo  prm^^y  .mnge  nnd  tne  .nmming  rndist.on. 
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A  field  stop  covering  the  1.5  *  0.  5  mr  field  is  located  in  the  fMrimary  imags 
plane.  Part  of  this  stop  includes  a  specially  desi2ned  baffle  to  trap  the  eaKh 
image  radiation.  Following  the  field  stop  the  primary  radiation  is  relayed  to 
the  mono< h.'-omator  by  two  parabolic  reflectors  also  offset  from  their  optical 
axes  to  avoid  interference  from  the  primary  ‘mage  of  the  earth.  A  Lyot  atop 
is  located  between  the  relay  reflectors  in  the  plane  of  the  image  of  the  objec¬ 
tive  element. 

The  objective  element  and  the  first  reflector  of  the  relay  have  a  common 
optical  axis,  which  is  parallel  to  but  displaced  from,  that  of  the  second  relay 
element , 


The  optical  parameters  are  suminart red  as  follows- 


•  Field  of  View 

•  Oiijerlive  a[a-rture  diameter 

•  Fof  a!  lengt.h  ohiec  tive 

•  Focal  length  systi  rn 

•  f/ number 

•  Primary  field  •‘top 


1.  5  inr  (horizontal)  x 
0.  5  mr  (vertical) 

5  0  in, 

r>  0  in. 

' .  4  in. 

1  .  a 

22.  5  X  ".  5  mils 


While  the  ffnnmber  of  th*'  o>oe»  tive  i«  3,  thr  mirrors  are  worlcing  actually 
at  lower  f-valucs  due  to  the  ixis  offset.  The  system  is  working  at  approxi¬ 
mately  f/ 1 .  neve -thel*"' -  for  the  n.arrow- nnglc  coverage  required,  the  reso¬ 
lution  is  quite  sati.sfartorv. 


The  image  quality  of  this  optical  svstem  is  limited  primarily  by  coma 
introduced  by  the  Inst  parabolic  reflei  tion  which  from  an  aberration  stand 
point  is  working  at  f./l.  The  pmni  image  blurs  to  approximately  0.0021  in. 
beyond  the  horizontal  detector  edge,  due  essentially  to  coma.  This  cor¬ 
responds  to  approximately  1./3  mr.  Blurring  at  the  vertic  al  edge,  in  the 
vertical  direction,  would  be  approximately  1/12  m^-. 

The  optical -mechanical  design  -Aill  be  specifiraily  configured  to  be  in¬ 
figure  and  in-focu,s  at  the  cryogenic  temperature  of  the  instrument. 

Ray  tracing  and  spot  diagrams  based  on  the  above  parameters  will  be 
supplied  when  available  as  further  verification  of  the  proposed  design. 

A  simplified  optical  layout  is  illustrated  in  Figure  88. 
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^  \'0 


'0 


8H.  Sitr'.plififd  (  >ptjr;il  Ss  stt-iti  St  iieinatk 


4.7.2  Opti  -tl  d  , 

Th»’  ’ion  .!  pr  >51*  r  njat'-rta !  for  t};«  r<-nrtt'v«>  opfir.-^  was  arnvi'd 

ni  through  tridt’o"  irriong  t'pMt  a!,  ■-truttural  anti  tht-rma)  roquiremonts. 
al!  t  whit’h  wor**  t'f  prir.'’  !:r|H>rtan>  '* 

Tho  .suh.srcti nr.  nr  s  tti'-ring  ^4  .  '  1)  <101)11  .at e<}  tho  nofd  for  a  low* 
^cattiTirig  p'.irror  t  «■  *.  TiDrumiro  th*’  of'^*axjs  •^tra;,  radjation.  Uased  on 
th*'  qualitat: VO  losting  li tri.irl  '  stjhstrali’  provided  tlic  pos.sihility 
for  the  lowo.«i  sn'terir.g  rha-attm slir.«  with  hervllium.  .aluminum  and 
slainlo.ss  stool  •  loso  hohind  in  rrl.af.ve  value.  However,  the  thermal  rcquiro- 
ments  for  the  system  do  t  ate  the  need  for  optu  <-  suhstraie  made  from  a  material 
with  the  same  thermal  characteristics  a:-  'he  hasir  instrument  structure.  The 
onlv  wav  to  at  liievo  thi=!  Hiernnl  compatibility  is  through  the  use  of  external 
thermal  compensating  systems  or  through  the  use  of  materials  which  are  iden¬ 
tical.  He<'aiisc  of  the  requirements  of  the  instrument  in  terms  of  size,  space, 
weight,  and  ba=ic  optical  de.sign  fsuch  as  the  use  of  off-axis  paraboloidal 
sections,  maximum  depth  o'  telescope  to  aperture,  etc  ),  thermal  compen¬ 
sation  system^  would  appear  to  present  many  difficulties.  As  a  result,  it  was 
decided  to  select  a  mi.'ror  material  identical  to  that  of  the  structure  which 
contain^'"  it. 

Structural  characteri sti cs  -vere  examined  in  detail  and.  from  testing, 
aluminum  and  beryllium  bv  virtue  of  their  densities  became  the  prime  mirror 
and  structure  candidates. 
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tJeryllium  is  anisotropit  in  that  the  i-axis  does  not  thermally  l>ehave  as 
the  X  and  y  axis.  Altiiough  Speeonn^  t  o.  mamtaim  thai  beryllium,  if  properl^> 
cast  using  their  ptj'Adcred  meiailurgs  te  hnique,  will  exhibit  anisotropie  charac- 
teristU'S  sufficiently  small  that  no  inioieral le  misalignment  would  exist  at 
operating  temf^erature.s  (10  to  'JCKl,  aiutuu  uiti  does  not  have  this  amsotropir 
fharaetenstii  .  and  sheet  r‘o<l  and  castings  are  readily  cibtainable.  As  a 
consequence,  alurntnuin  is  recommended  tiiroughout  The  lold-body  radi.ometer 
that  the  Radiation  Center  is  building  on  o  Honeyocejl -funded  development  pro¬ 
gram  has  a  »>001  alurninuin  primary  ('ATNl»  -Aith  a  c or re.spoiiding  aluminum 
structure 


4.8  -a  i  cqq:  \I  Cf{ \K  cl  i  1  US^TT'  ANC 
MCVCk’KHi  iM  A'i’t  )R  111  r ’M  l  K  iN 

Trie  Slav  tr  i!  »qii:  aSSfin  m  !  .!,«'»  e- ;  r  ep  tion  r mpiirt  tricnl s  of  the 

instrufiouit  lo  t  ipc  o’  ■*  n-.’  .r,  -*  c  a  i  a.jhb' ^  rat  oig  iiH'noi  hrnmator 

and  intecfe'-erire  npcf  ,,n  .  ‘  ;<*■  ’  r  ’h,  ubst  tiion.  tli«‘  arguments 

suppcir’iing  tti*<  1 1  ; .  bi  ' i ; >f»  i'  t  gs  '.t  ’  ■■  uia!  .i!  design  toi  tlu  niiino- 

crir  ui’  i?(/r  H  di'S  r'lt.'C  ! 

\  .omptrison  trc  nr;*  ■  *  qeitral  separation  is  i  on 

trnn*-  !  in  I  .d-le  No*;,  e  h  •'  *  .,11  Ira)  si  arming  ttuMhods  are 

eliminate  !  tieca  is*  of  th*‘  t  igh  ^ ‘-ns . ts ,  d '•  n  quired  in  the  limited  time  available 
fo’’-  scanning  sifn*e  sp#*  *"'iim  s^'anning  na^thods  are  difficult,  eac.h  indiv'idual 
s'pe*  rr  il  chann**!  must  h  .  .e  its  ov.  n  irt*  rt  u-  'I'he  mainmg  nonpcanning 
instrument**  ir**  ruled  ou*  .'ss*  ■'**  dl't'  ’  lu  .a  .i*'*'  of  the  rri'sstalk  (rc*_ic'(  tion  ratio) 
ht*t’A*‘*’n  iilj.ii*'nf  h  inrU'ls  I  I  ;>ro;<i.'r  ’  s,  )  item  i.*-  a  * om t>l n at i on  of  the 
grating  mouoi  hromaror  if.!  ’f.d'.;  !  ,  T  o  t*  rf*  r*  *  i*  tiili  r.s  on  •‘m  h  i  liannel 


4.  Ji.  1  prop.Tse  }  MoriO\‘h  ro;*)  ifnr 

(V  the  vinous  grating  mcuo*  hro*-  ’.Hr  pr.:r,r  r,andidate  ip  a  double 

grating  mounchrom.itor  with  one  grafiug  1  ■  ing  u.-w'd  over  the  4  !i-  to  P.3- 
micron  region  and  the  other  gr.ating  ‘'e,r£T  j-od  over  tiie  9.?,  to  IR-micron 
reguan  The  to  2'a-mirron  i  han'.f  1  is  ■  plil  off  1  v  a  dirhroir  reflection. 
Figures  8h  and  <^0  shna  the  enc  rgv  e'f-,  T'urv  for  th^  ,sr  two  gratinga  which  are 
hla/.ed  at  the  optimum  wavplpngth=  n'  o.^  and  12  mu  ron.s  respectively  To 
•arhievo  disporpion  such  that  the  rninimun-; -.si 7'--  riefertor  i.c  used  ir.  the  nar¬ 
rowest  speetral  channel,  a  ri-in.'T;,  a1  length  monochromator  requires  only  a 
fairly  coarse  grating  --  nine  and  six  lines  per  millimeter  respectively  This 
is  adVantagenus  hecause  such  i  oar.«e  grating.=  are  not  replicas  but  are  ruled 
directly  on  an  .aluminum  or  m.agnesium  substrate  This  assures  cryogenic 
survivability.  The  resolving  po’wer  of  these  monochromators  is  only  30,  so 
the  theoretical  limit  of  resolution  rcquire.s  graiing.s  of  only  30  lines  total.  A 
grating  1  o  in.  wide  surpasse.s  the  theoretical  limit  by  12  times.  Tni.s  reso¬ 
lution  capability  can  he  traded  off  to  let  the  monochromator  operate  at  a  low 
f  'niiinlaer 
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Several  nionochromafor  designs  are  possible  within  the  constraints  of  a 
fj-inch  focal  length  and  op-  ..tion  at  f/3.  The  nominal  design  of  a  side-bj- 
side  off-plane  iatirow  is  described  as  follows.  A  single  collimating  mirror 
fills  two  stde-by-side  gratings  placed  at  angles  such  that  the  focal  planes 
occur  on  either  side  of  the  field  stop.  The  collimating  mirror  produces  a 
beam  dissection  re.sulting  in  a  50t  energy  loss.  This  is  overcompensated  by 
making  the  field  stop  (and  entrance  slili  rectangular  in  the  direction  parallel 
to  the  earth'.s  horizon  with  an  aspect  ratio  of  3‘1  The  direction  of  dispersion 
■  s  perpendicular  to  the  long  a\is  of  the  field  stop.  The  focal  plane  of  the  9.3- 
to  l^-micron  rnonoc  nromator  suhten.ls  an  angle  of  anproxiniately  2  deg  to  the 
collimator.  i  re,sult  of  off-a'is  at>errations .  a  c  ertain  amount  of  spectral 

smearing  (spectra)  stray  hgliti  ut  urs  I'rehininary  calculations  indicate 
that,  for  a  classical  I.ittrov  wit.h  tiu'-a)  oiit  columator.  the  wor.*t  case 
spec  tral  .strav  light  (17-'o  iB-niicron  t  h.annel)  wall  l,»e  in  the  order  of  2  to  5^ 
The  .spectral  .strav  hgn?  is  less  in  tile  -ernaining  c)iaiine).«  since  their  off-.axis 
angles  ire  .smaller  se!,a.  r.il  variation."  on  tins  design  sliow  promise  of 
r“cluctrig  tise  w orst -<  a,-e  •^jH-ctr.d  ."tray  light  considerably  However  to  en¬ 
sure  redut  ■  ion  of  str  iv-light  interference  filters  are  provided  over- e.och 
channel.  1’rie  tddition  c^f  tiie  filter  <  an  rcnitic  «*  tile  ."tray  light  iiv  thus 

ensuring  tlie  iritegritv  of  td-.icent  cfianael." 

\!i  id  jition  il  .''enni r‘‘m'  nt  of  a  rr;,tiiig  nionm  iirom.itor  i."  tliat  the  grating 
ruled  are  i  .‘nn.sf  i.e  .squ.ire  in  i  must  tie  '^’ll'  d  with  liglit  ! rnin  a  nrcular 
prirnarv  ’It;;."  meari"  th  it  a  ."mall  atnouni  of  vignetting  must  occur.  The 
optimum  comfiromise  re.sult"  in  1  ignetting  los.".  as  shown  in  I'lgure  91- 
The  gratirigii  are  n  it  agut*'  filled  !  y  tiie  primary,  and  .a  ."mall  amount  of  the 
primary  not  se,..)  hy  the  grating"  If  thie  circular  area  of  the  primary  is 
Cl  rcum.scribed  iiy  the  grating  area,  a  los"  <if  ."pra  tr.al  resolution  occurs,  but 
no  los."  of  energv  occur".  !f  ’he  grating  iKumdary  is  ci rcu:Ti."c  ri bed  by  the 
primary  iioundary,  th*”’c  is  no  1o.""  of  rrsnlution  hut  a  l.arge  loss  of  energy. 

This  1  vignetting  lo.",-  togi-ther  \vit!i  the  gr.ating  effif  iennes  ere  used 
in  the  sen.^ivivity  ar..aiy"is  which  follows.  Jt  should  he  noted  that,  in  spite  of 
those  necessarv  losses,  the  net  gnal -io-nni se  ratios  are  greater  than  can 
he  achieved  by  t)ie  othe-  method"  of  ."pertral  separation:  -and.  in  addition, 
it  minimi /es  the  problem  of  meciinc  light  scattered  hy  the  primary  optics. 

Figure  ^2  is  a  plan  of  the  detector  array  in  the  fin.al  im.age  plane  of  the 
m  on  car  h  rnm  a  t  o  r . 
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pt-  c  i  r  a  1  Soparation  '!>  a  d t"  t>!  f ; 


(S)  Th«'  firHt  major  decision  to  be  made  wat  whether  to  use  a  ^j»ec’truni" 
scanning  uii-’rume.nt  wrh  a  aitigle  detector  or  a  dispersing  instrument  with 
an  array  of  indt'.tdual  c-  teitors,  each  sensitive  to  a  Jiartu-ular  speelral 
band,  necause  of  the  aensitmty  required  ‘n  ttie  tune  availal'le  for  seaniiing, 

(  onventionul  scanning  in-trurnt  nls  .  be  ruled  out  '1  o  ai  iiieve  a  sjiet  tral 
resolution  of  0  2  tnUTon  f.^om  4. 5  to  b.3  microns  and  a  resolution  of  0.8 
micron  from  'b 'i  to  18  mic  rons  the  eifev  livi  number  of  spei  tral  I'esolution 
elernrrus  i.s  Ifi  eon  pan  son  to  a  non.stanninp  instrument,  a  rotating  cir* 

cul'ir  variable  fiii^f  or  Sv  Linnitig  nioncK  oromator  would  have  a  58  limes  wider 
bandwifjth.  58  tirne^  les-  -signal  and  58  time.-  more  noise.  The  net  result 
i-f  a  htnS  of  ;»  fr-^  tor  of  58  in  --?ignai ’to- noise  ratio.  ']  his  is  a  fuiuiamenl al 
limitation  even  if  ac'-c  aide  to  oldain  the  higher  !•  dt'tm’lors 

f aptiro'Om  itep.  lO! 


SI 


gm- 


1 : 


0  1  qie  inning 

l  r-terf  ee  ime>  .■  r  A  hi 


m  H.’ 

*  -  i 

*  -  , 

i\i 

'S  •-■j 

lii  hi  •*'  »* 

io 

-fUilS 

t/ 

lid  d 

\ 

\ 

% 

i '  1 

i  •*>  ^  ’  i  » 

»  ♦  ,  ,  .  .*  A 

f 

.f\l\  'h 

d!  1  e. 

"g 

ul  i 

'-i'-r»lu?  ; 

tne-a-  !>  V  -K.-es  r<  ‘  i.'lts  in  a  further 


mplis*  »  d  wiih  i.  Mil  helstin*  1  Oiirier 


r<  uui reiio-t  1  o'  'ill  inslruim  rit  The 
combin  ition  .'f  .per'.ure  ■  1 ’<■  lid  .--nlid  argle  <A  Til  will  not  ‘ill  tin  ojities  of 
1  pr  irMi  al  i  nf  >■ -O- i-.ev  e‘)  »- 


fC)  since  spiv-triim 


’biijC-  .  e(  i-ijo  >'  out,  I  t(  h  individual  sper  iral 


rh-.innci  ,'»o;st  have  i'..*  ecn,  a*  ‘er,  d  b'-i  ■«!■<  -  i  viral  wav^  id  ai  r  omtilishinc 


({IS- 


O'  !  o 


-oil  ing  p 


■  ‘.pli.^ 


imliv'du a!  [  red  [ 
a.". 


f  .i  p-;  -s  ,  .  ^  ^  mvifoon  of  the  IH  limb 

(>n‘-  wuy  t;i,h/e  an  indivadualb,  filtered 
i  e  M  ararriorv-'liic  oDlir.c,  The  sVflerri  would 


pet  'rum  thrrr  .ire  2''  f'-cnd.- 
deice  'or  afrav  ;s  Ihrougn  mi 
Contain  a  srp.jarc‘  field  slop  and  sn  anamorph  c  nptir  nl  eli  ment  (.*-urh  ok  a 
toroid.al  mirror)  'o  produ  r  .a  rm  tanirnlar  im-ape  of  ih»  field  stop  on  the  2"- 
elen'f'i'.*  arrw.  h  dcr,  i.vi-  m  .ar'S'’  hap  it=  own  sp'-'  Iral  filter  All 

2b  detectors  would  -he  ‘he  same  sire.  Ci->  the  individual  diti'i'orp  woulil 
receiv'e  onl'c  1  f'd  *  of  'he  'ota’i  rrerf  ’  available,  7 he  d' graibation  in  Fiignal'to" 
n-.>is!->  ratio  1“  tf'  pre'^’irni' jj  ‘'^  e  detr  tor  i?  slgnul 'photon'noipe'llmiled  <'d 
^hat  sjgnril  level  ^pi  > 


tlT  This  problem  of  energv  soliftirg  c.^n  b'  overcome  it  ih'  width  of  the 
pv-iifrm  fielri  strvp  is  in  'rcase-d  po  ‘ip-nL  The  field  of  vnoi,  fn  the  limb 
he“omes  0,8  r;r  H  verf:rally  nrd  14-  5  mead  hnn^onf ailv  The-  advontngep 
of  tbs'-'  approach*  >rc  .simplmiiv  trd  h,gh  e'firimry  'che  dis-ndeant spe  is 
primarily  that  of  !nf  ffiri''et  s*rav  b  ehl  ’'e  *  tion  Tight  which  is  rrattered 
hv  the  orim  ie%^  car  find  Ps  way  'o  the  detei  tor’^  through  a  2*'|-fn(.d  grejiler 
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field  stop  area  However  diffracted  light  from  the  earth  should  not  l>e  any 
greater  since  the  field  stop  was  Increased  in  the  direction  parallel  to  the 
earth's  horizon  Since  the  primary  is  being  used  approximately  1/2  deg  off- 
axis,  th£  aberrations  (chiefly  coma)  at  tlie  edges  of  the  jield  of  view  would  be 
increased  This  could  In.-  partially  ac  commodated  if  the  spectral  liands  of 
least  interest  are  located  at  the  ends  of  the  arra\  A  more  severe  problem 
13  that  of  practical  detector  -,nd  'liter  size  hnutations  In  an  system 
the  detector  and  filter  sizes  would  )?e  approximately  10  mils  (O.OlO  in.) 

This  Is.  beyond  the  stale  of  the  art  in  filters  hut  the  effective  f/iiuinl>er  a( 
the  filter  c>./u!d  be  increased  to  y«?r)iap»  f/lO.  'I'he  filter  size  would  then  lie 
33  mils,  and  the  total  focal  plais  .,lze  would  be  approximately  1.00  in.  I'his 
makes  the  ofiti  s  diffi  uh  to  pa<k>ige  but  sucli  an  arrangement  is  not  an 
Imprai  tscal  Solution  to  the  protiKmi  of  sjwo  tral  separnticui  In  comp-anson 
to  the  rC'- ornrnended  fro'thoi,  this  method  of  u^lng  individual  cells  and 
jep  rate  filters  has  at'out  the  same  optical  ►■ffinetuy  and  greater  simfilicily, 
but  sratt^-re  *  stray  Ugtit  has  *  ee?i  ‘ncrcc.-efl  '  v  a  factor  of  3‘,b 

Stationa-'v  fir  ular  S  triable  filter-  --  -\nother  way  of  indnidually  filtering 
TTte  cfete' T^rs Ts  tTiro'Ji^i  tl'.e  U'fe  nf  .stattonary  t  ircular  v.ariidilc  filler  T'he 
wave Icngf.ti  grofiienlH  iroumi  a  it  ular  variablt  filter  can  lie  made  steep 
enougti  (wide  w  ivelength  r.Tigt*  in  riiort  di.-^tance)  so  that  .an  effective  0.2' 
micron  worp-  wavelength  pa -b  ind  'i  urs  int  r  a  10"  mil  distant This  is  » 
practical  wav  of  ofitaimng  ili*-  rmctl  *  ""Ize  filters  tliat  are  requirtni  The  dis 
advantagt’  is  more  subtle  The  g?  id  etsi  musl  b<‘  t  i; osen  .as  0.2  tttitron  pt*r 
10  mils  of  ar  thsit  tn  e  in  ar  .'er  !  t  rommodate  tin  narrowest  spet  tral 
chtinnel  with  the  tt.mAlle.^t  -  jii  ze  dettator  'I  In  widest  sjH'cfral  channel  how¬ 
ever  m  0  7  n't  ron.  .and  the  i  iir re  ^ponding  ielector  would  l>c  40  mils  wide. 
The  prnpertv  of  .i  -rrular  varia*  Ic  'il^ce  ho-Acvcr  is  that,  as  the  slit  width 
ii«  increasef;  ji'.Tr*’  'Itffe-ejd  wavfbngth.s  passed  Iwit  no  more  light  is 
gatnefi  !*  I  given  w  iv»'lerg*h  TVi-  .'*.■■■  ."if  tue  long  fjeter  jnr  sees  f?rie  wave- 
b'ngfh.  and  'h*’  other  enr*  ■'  !,he  ie?<  ‘c-  s<  es  nnlv  .nnotlffo  v.  avelength, 

Thi'i  means  our  ex  ample  ‘  ‘h*  c 'f-  *}•.'  t  rar-snii s’sion  of  the  <  hannel 

has  bei'n  dt'g.eade  1  bv  a  f  i  4  ,j.  a  T  hf  statioririrv  circular  vnrialilt* 
filter  therefore  pn*v  oenec  ttin  rrarpcal  prniilr-ni  o'  olitaining  small- 

si/*’  ietectoes  This  is  a*  the  expenc*"  ot  si gr.al -to- noi sr  ratio  in  the  warier 
Sjantrat  pass'’ nrls  It  al«  '  rf-pii-ee  c-yrn  wirjt  r  sTightlc  curved  field 
stop  "  -  the  ,isp.«'c}  rati  I  being  ”4’’  t  >  ore  T  he  rorreeponding  off-axis  angle 
of  the  prim  irv  parahiTa  nearlc  1  leg. 

4.8  a  Monochromator  T*"aricofts 


When  a  deterf.o'"  arrav  is  placed  at  the  focal  point  of  a  monochromator 
ttie  individual  .de'ecfor.s  act  a?  the  iffective  exit  slit  of  the  system.  Since 
the  spectral  rhaimel«  in  the  scanner  do  not  all  have  the  .=ame  spectral 
bandpiss,  tf.ese  detector  sires  are  all  differenl.  The  optimum  transmission 
of  a  monochromator  orrurs  -vhen  the  entr'-nce  slits  and  the  exit  .slits  are  the 
same  sire  op'icalH.  There  is  no  advantage  to  having  an  ex.'t  slit  smaller 
than  the  enlr.inre  -lit  becavise  no  hotter  speriral  resolution  is  achisved.  and 
there  is  a  large  net  less  in  svstem  s^ensitivitv  The  detector  size  is  a  function 
of  monochromator  disiier«ion  and  spectral  bandpas.'^  at  the  wavelength  of 
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l'h«7  ajTiailt^st  detector  i»  used  for  the  channel  iti  which  the  product 
of  apectral  bandpass  and  monochroniatOf  dispersion  is  a  minimum.  All  other 
detectors  are  then  larger  The  monochromator  should  be  designed  such  that, 
over  wide  waviflersgth  regiotis  this  product  does  not  change  appreciably, 

Frism  monoch'-Dinators  can  K  ‘ininediately  ruled  out  on  several  counts* 

•  Dispersions  are  not  linear  with  wavelength  I'his  means  that 
the  aspect  ratio  of  the  detectors  changes  tt>  a  .arge  amount 
when  a  prism  is  u.sed  over  a  wide  wavelength  range 

•  The  rn-itenalr  are  te.mperuture  se.nsni'  e,  as  are  i>oth  re* 
racnve  insk-'v  and  dis5>er=it>n.  This  temjH'rature  dependence 
listurbs  the  w  iVeleng'h  limits  of  tfse  channels 

•  He^ra  ’tlv»‘  indfX  and  Oi^iw-r-^ion  data  are  not  a\all.4ble  tor 
prism  m  itrnals  at  ■"•Oi'er-i-.  i«'tn|'vraiU!‘t  s , 

•  Most  m  a’erl  :il  S  Uaeftjl  o.»  r  tJie  Wavelength  range  of  inti  rest 
>r“  ifferic  j  by  attniospneri r  water  Vapor  This  hygri'isi  opi r 
behavior  umpmin  }«  t‘'t-  ' d  '-St  ation  and  handling  problems 

(Jiff  rat  Ison  grating  rnonoi  f  f  eriators  fiave  the  advant  .agi*  of  temperature 
and  envi  r  irmi'  Ota!  «t  I'lslitN  hn*  ir  disj'i  rsion  wit!)  wav  elength  and  ready 
aval Libi litv  m  vhe  o.cK'red  trjl  -  <ree  nse  grating  sparing  t  lianges  in  a 

predirtahJe  fn^h  em  with  she  t  vpanso^n  and  rotilrartion  of  the  suhstrate.  and 
thtsi  can  be  an.  nrnmfxlate  {  m  ;;  •*  of  a  rryogeriic  grat'ng  mon<'<  hronudor. 

The  griting  bl  i  **'  in  !>*-  be  e-  so  that  th**  •ffective  t ransm; !'Si on  (grating 
rfficienrv)  co!ti>  lett*,ep' i,  the  feissred  ~*-*}«iti vit v  in  the  various  spci  tr.'il  channels 
Theii’  soh*  li.si'iv'ir.*  age  j  ib,i‘  i  jegi..  grating  r.in  he  used  111  the  first  order 
onlv  over  )  w  ivvleng'h  rat’ge  -  prfixi''iatrl  v  2 

(Mv  ■  intfid  ife  gr.iS’ng  '  n  hefo.;^atnr  rnnsisis  of  a  single  pl.ane  grating 
used  St*,  both  the  fir«!  md  -e  -nd  -r  fers  simultaneously.  If  the  grating  is 
bla/ed  in  the  fies*  o-der  i‘  11  mo  rons ,  this  grating  Ida?*  covers  the  vt  ave- 
length  range  of  in'eres'  ’^its  nrtirnurn  e^f if  "i rnt  y ,  Howev  <‘r.  ther**  is  a 
prnbleri  of  ivr-iip  ’.»;th  sti  h  a  mo'iochrom.atnr  Tht  second  order 

lies  on  top  of  the  fir-?  ir.rje-  .-o  ‘hat  order  sorting  is  per  r-ssary  This  could 
tie  ircompH '.‘he  I  nth  iiixiliimv  ri‘'ter=.  np  w nth  Honevwell  candwii  ti  d'fertors 
or  bv  ‘he  method  of  -.e-tiral  sorting  vcith  a  cerondar**  low  dispersinn 
operating  perpend*. f  il .a r  'o  the  main  grating  This  added  rnmplexity  of  order 
sorting  m ake^  this  method  iina"raf‘jvc  The  primary  disadvantage  however 
is  tha‘  the  leTe.-io’'S  h I’ce  ar  unv.aeldv  aspect  ratio  7  he  dispersion  in  the 
second  oriee  is  tvvue  thfit  m  the  firs'  order  'flie  miinimum *pize  detretor 
aceornm odates  the  nsrrowes*  spe  tral  channel  in  the  second  order  This 
means  fhat  the  aider  -pcetrni  bands  in  the  first  o*"der  rover  a  disproportion* 
atelv  Inrg  di.^tan  -e  m  the  focal  plane,  pietertors  with  HIJI”  properties  .bav.ag 
these  aspect  ratio-  have  ye?  to  he  demonstrated. 
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'i.  9  STHL-C  Tt  HAI.  I)h^i(>N 

Ihe  3pec»f  uradioi!.«rit-r  iur  '.ht?  ipphvauo:i  isi  built  up  frvini  a  basu  optical 
housifif'  to  whicJi  Is  looufit^rO  liit  pr;ii=or\  ruirtotsi,  i*o  rt'la\  parsholotris  and 
a  moriochrorjiaior  ayhi^rin,  BatTi-s  atsd  tiit-  irxuct  iiic  storaj.’t-  tanks  arc  fixed 
to  a  deck  ‘A'hith.  in  turn,  la  attaebt-d  tu  nic  housuii;  and  Uo*  rsdiuincter  split 
outer  sktn.  I  wo  end  to'.rrs  eo.’i.Ll^rtr  the  l  adioincit-r  subasseniblv  A  radia¬ 
tion  shield  encircles  ii;e  radioy  v’o  r  iUi>3  =  5c:i,bh  and  is  iiself  ennnli'd  b\ 
an  out»T  anell  to  wnicn  is  attained  tb-i  i*;*«tid-out  ir\o^tenu  rooluip-  i  oinponents. 
dhe  apiif.  radi  jrro  t.rr  uuttr  =p:in.  tbr  :  s.hation  siiield.  and  the  outer  stud!  are 
separated  by  thertnai  laoiai  rs.  !  ihi  radiutioii  stiu  Id  and  ttic  outt-r 

shell  ar**  separated  ns  -s  p«;r insulat uh. 
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4. 


Hadia‘l-an  Shiei-;  and  o  -er  ^kin 


Hei  au<e  of  ‘he  *.h-"rr'ai  loading  and  the  radion  »-tf  r  svsteni  requirement 
to  oper3*e  at  10  to  20  K.  a  radiation  shu  ld  m  required  lulwen  thr  outer  skin 
and  'ho  radi-im eter  nroper.  The  radiation  ?.hie]d  wil]  ffe  st  a  temperature  of 
*^0’K.  The  outer  skin  Aiil  be  st  TOfrK.  Th'  radiation  shield  and  the  outer 
skin  are  fa''rica‘ed  rf  siuminum  and  ^strengthened  hv  rings  to  support  the  1- 
atni  ■'  here  diiterentisl  pi  estur'  at  iaiinrh.  T  he  re  is  a  further  requirement 
'T  S'  rinsula'ion  .-pf.  radia'ion  shield  and  the  outer  skin,  fYyogenit; 

tub.ng  and  supercri’i'  al  h'itum  performs  the  cooling  function  r'-quired  at  the 
radiation  sltield.  fo  ,".'.ke  the  scccmTdN  of  the  eorriplr-te  svsterri  possible,  the 
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radiation  and  tht  outrr  sKiti  pruMdt'  for  st-parate  assembly  of  the  thermal 

tsolaiurs  disc  ussed  in  the  neat  aubsei "tscin. 


f5«‘t  ausi*  d  Ui'-  iar*;*  varta'.i  ?,  nipt  / uiuf’  iuiween  the  inin  r  .'ind  outer 

'.eM-H.-l'i  the  sn-.er  ‘..sscej  ..fitji-  .  .  •*  J  ,,iti(3:-;et.  J  veil]  .chnnk  liv  0.04r)  in. 
when  the  uni‘  i -c  4*  h  d-'a:  ;  n.  ^tio  Id  dta!!!<',(  r  i.s  also  redueed 

by  a  aunuliir  at-  i-u':!  I  to  r- f  -r*  ,  jadiu!  r  «ihsiiiiai  supports  muKt  he 

destijned  to  i  t  omr  •'•ia;.  *‘o>i  ;  ■  ;?al  canalioti  ccsihoul  t  Husinp  larpe 

a'pe-is  iru  rei,-,es  s r.  M  .  •  jr.  '•  ass  0:  >  that  !h<r«  will  h«  >  ipht  radial 

mechAiu  a1  •suppor’  ft,  ir  ^t  th^  fr  ud  and  lour  at  IIh  reat  ,  lluTe 

nuts*  he  fA  «  thernuiUt  ih  >la'. *  i  suptior’  ts'*  1  ipure  '>3)  i)er  station  to  mini- 
rn/e  the  he,r  “rT  sfer  !  ai  rt  rvust  !*■  >  apahli-  of  wtibstandinp  tihralion 

and  ,4hot  k  I  >adin£  dui-nj;  la  in,  h 


To  Support  the  radion  etvr  *strav  ti  1  cr\ openualh  cooled  system,  s 
mounttnp  technique  muat  he  prosidtJ  wtiict.  will  aci  as  a  thermal  isolator,  and 
provtsiuns  must  be  ::  ade  ;  jj-  the  cha'qp-  m  the  hoot  package  dtinensitUis  when 
the  pat  kaj^e  ts  t  'JO led  down  i.  addition,  tin  isolator  must  withstand  the  nu'ch' 
artical  loadings  tur  i.nt  the  lauf,  h  of  {  .  «,e*  d  o  aioomplish  tins,  a  com- 
proituse  ft.uii  be  woreed  >ut  iwta-  !?;  ?ht  tin  rmal  uni  tin  mecdianical  r»'quirem«'nts 


1  he  If  igef  ■  It  tf  atisf-r  re,^ui  t  ♦  in.  .1  s  arc  0  50  wait  from  tlie  radiom¬ 
eter  to  the  radia'.t  >n  sfiicM  j'hI  *3.1^  fri>n.  tJo  radiation  shield  to  titc  outer 
vessel  ihere  1  ■>  alsu  a  ^.eat  ttat;-*',  a!  '*  •  *  vltlctn  of  till  radiOllietcT  wlilcl)  Will 
abs'jrh  ihe  hea'  tra'  af—e.  ,  ^  o  ,  ,  r'-upc  iic  mh  ;  pi|unp  and  Um  axial 

thruat  suppor-fi  it*  j  the  fain,  l:  -  ter 


win  •> 


IT  gore 


Tladiorretcr  5upfw>rf  T’ointe 


•1  h,  3  Mechanical,  tdiernialls  Isolated,  support  Svstc  m 

1 1  ■«»  11^  I  I  I  ^  ■  III!  I  ■  II  ^  ■  1  I  ,m  I  I  *-  m  A  A»  ■■ m  .-«• 


UNCLASS^FmD 


(n  a  paptr  by  R.  P.  Mikeseil  ai  d  R.  B.  Scott  <Ref.  lU).  n  was  shown  that 
3/ 8* In.  {lianurtfr  pyre*  glass  bails  ar«?  excellent  thermal  isulaiors  and  can 
support  toads  of  greater  than  2000  lbs  per  ball.  (It  is  of  interest  to  note  that 
HHC'  ha.s  uHed  a  pvrex  ball  support  in  the  collar  developed  for  tlie  Nigluscope 
Program,  ir.;!*  device  was  mounted  to  a  rifle  and  has  successfully  withstood 
the  shoclt  of  manv  firings,  i  It  will  be  necessary  to  limit  the  load  to  less  than 
the  maximuni  for  ea*  h  bail  and  to  provide  a  means  to  preload  the  balls  over 
the  dimensional  variations  caused  by  te.mperature  effects.  This  can  be  done 
bv  preloadln'<  each  ball  with  a  belleville  spring  washer  (see  Figure  03). 

1  he  tiellevilk-  spring  washer  is  stm.lar  to  a  flat  washer  hut  made  of  high- 
strength  steel  and  d'^formed  into  a  shallow  conical  form  Because  of  its  non¬ 
linear  .spring  characieristu  s.  heavy  loads  can  !>«•  applied  to  tfiis  spring  with 
jifnall  deflectio'.s,  and  when  mixjrrate  to  iieavv  loads  are  applied  small  changes 
in  deflection  rnuv  not  t  reate  large  variations  in  the  load.  1  herefore,  by  using 
well  deslifned  supports  utiluing  the  spring  shrinkagi*  of  the  inner  vessel  will 
not  cause  a  nottceal’le  reduc’ion  of  the  preload  A  It'rd  df’flcction  rurv’e  lor 
this  spring  cs  .shown  in  figure 

It  should  be  noted  th.at  there  m  a  variablr-rspnng  cmisii.nt  related  with  the 
deflectton,  or 


where  K.  the  spring  constant,  is  nonlinear  and  tends  to  dm  r*’8s»*  with  increases 
in  deflection.  B%  proper  design  teihniques.  the  low  spring  eonslanls  associated 
with  the  preload  deflections  can  i^e  used  to  vibrationallv  irolal*  the  inner  pack¬ 
age  from  the  higher  radial,  vibra’ional,  inputs  of  the  outer  veBsel  during  the 
launch  period.  The  vibration  model  for  this  avstem  is  that  of  a  two  mass, 
two  spring  s.stem  with  the  vibratton  input  into  the  first  spring. 

Mj  is  the  radiation  .shield  and  M2  the  radiometer.  The  laws  of  motion 
for  thi.s  system  are 


M,: 

X|  •  K.  X,  •  Kj  IX|  -  Xjl 

Xj-K^IX,  -X,!  -  0 

This  pair  of  simultaneous  equations  can  be  solved  for  the  ampltludeB  of  the 
radiometer  and  the  radiation  shield  in  the  radial  direction.  The  maximum 
amplitude  will  be  obtained  at  a  low  frequency  which  may  require  soft  snubbers 
if  it  is  shown  that  the  clearances  are  used  up  in  deflecting  the  springs.  High- 
frequenev  vibrations  will  be  attenuated  rapidly  and  will  have  little  effect  on 
the  radiometer.  It  should  be  noted  that  each  outer  ball  support  is  grooved  in 
the  axial  direction.  This  has  been  done  to  provide  no  resistance  to  the  axial 
shrinkage  of  the  radiometer.  Therefore,  all  axial  l.jads  will  have  to  be  resisted 
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by  the  axial  Hupports  at  the  bottom  of  the  radiometer.  Rotational  load*  will 
be  resisted  primarily  by  the  radial  supports  with  some  aid  from  the  axial 
supports. 

A  tripod  support  at  die  lower  end  of  the  radiometer  will  resist  axial  thrust, 
lo  reduce  heat  transfer  to  a  minimum  while  still  providinj^  a  rigid  structure, 
a  three-stage  support  is  required.  The  first  stage  is  a  heat  station  mounted 
on  3/rt  in.  diameter  stainless  steel  tubes  This  will  support  the  radiation 
shield  through  three  stainless  steel  standoffs  which  are  not  directly  fastened 
to  the  heat  station.  .A  long  central  tension  member  serves  to  preload  the  stand¬ 
offs  t<n  the  heat  station. 

Heat  transfer  thr'^>ugli  this  rod  is  redu<  ed  by  making  ii  as  long  as  possible 
which,  U!  turn,  allows  a  greater  dtsineirr  and  tlius  a  high  resistance  to  axial 
tenaile  loading 

Hetrause  of  lh»'  •  xtre;:  eh  small  ti.  it.- transit  r  requirements  hietween  the 
radiometer  atitl  the  radiation  shield,  *J*e  p\  rex  ball  mounts  must  also  lie  used 
in  the  third  axial  stage.  •  hege  halls  (thr«  e  balls  ure  used)  will  lie  prt'loaded 
by  small -diameter,  high  -  ntrejigt}}  tensile  meintiers,  I  fie  balls  will  resist  the 
thrust  loads,  leaving  the  vtbratior.ai  la.'td»  actitig  (jMinarilv  on  the  tension  rods, 
fype  ■llO  HtainiesM  steej  inr  some  otlo-r  higti- strenirth  <  ryogenir  msterial)  with 
a  yield  strength  of  more  than  100,000  psi  wil’  be  used  for  Ihesr  rods  which  will 
have  A  diameter  of  .approximater.  0,000  m,  each  This  will  provide  s  total 
cros-s  scctlorial  re.sjstancr  of  0.018  in.  whu  h,  with  a  <  Imnping  load  of  70%  of 
the  yield  strength  of  “he  r  >d*.  atU  prelnad  the  htslls  with  a  for<  e  of  1800  lb* 
or  800  lb.s  each.  This  sho.il  l  j  *’  sufficient  io  resist  vitiration  loadings  from 
the  acceleration  force*!  without  a'taimr.t  sufficient  magnitude  to  exceed  the 
preload.  Radial  motion  will  not  sufficient  to  cause  a  roml.tined  i»tr»*ss 
exceeding  the  vieli  strength  of  these  rneir.bers. 

The  low  temperature  expfnencfd  by  ♦he  inner  structural  rriembers  will 
increase  their  strength  which,  bo  the  use  of  proper  deBign  techniqueB,  will 
with.stand  the  environmental  and  temperature  stress  induced  into  the  radiom¬ 
eter  package. 


4.10  CRVOGFNK' .^V'^TKM  OF^IGV 

The  svstem  proposed  u.ses  supercritical  hc-lium  gas  as  a  single  cry'ogen 
for  detectors  and  optics.  Figure  C5  illustrates  schematically  the  proposed 
sivstem. 

The  following  criteria  were  used  in  establishing  this  design- 

•  Heat  loss  of  8  watts  from  container  to  radiation  shield, 
preflight 
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0  ^3  wans  adduioiial  heai  loss  during;  nif>ht  due  to  earth 

radiation  into  the  entrance  aperture 

•  Cround  hold  time  of  up  to  2  hrs 

•  Flight  time  of  20  min 

•  50  rnw  from  chopper  energy  dissipation  requirements 

The  storage  container  volume  required  is  approximately  5  cubic  diameters 
(dm^),  giving  f)23g  of  Idle. 

'I  he  Idle  is  transferred  into  the  storage  cciitainer  in  tlie  liquid  state  at 
I  atrn  in  all  cases.  If  the  vent  line  were  simply  plugged  from  that  point  (with 
no  venting  relief)  the  helium  would  absorb  47J/g  at  10  K  and  reach  a  prc.SBUre 
of  2  0  atm,  requiring  a  heavy- walled  .storage  container.  .Such  a  supercritical 
helium  svstem  is  impractical  for  this  appli'^  ation.  Instead,  the  helium  is 
vented  at  a  predetermined  pressure*  level  and  provide.s  t)ie  advantage  over 
liquid  (gas  svste-rns)  of  h. eat  absorption  through,  i-old-gas  shielding. 

To  assist  in  the  visualization  of  the  storc'd  helium  thermodynamics.  Fig¬ 
ure  9fi  presents  three  temperature-entropy  (-S)  diagrams  that  are  .simplified 
to  show  the  de.sired  f‘*aiures.  I  he  data  ar<‘  computed  froin  these  diagrams 
and  from  N'Mo  tabular  data  on  the  tb'Tmod\ namic  properties  of  helium.  The 
boundary  conditions  are  the  contents  of  tin-  storage  container  with  luxating 
incident  thereto  (0.  4  watt),  and  tempcTatures  up  to  7-,  whicht'ver  is  reached 
first.  In  the  case  of  the  boiling  liquid  helium,  Figure  !)(>,  the  miergy  absorbed 
by  the  gas  venting  from  the*  container  is  not  evaluated.  It  is  recognized  that 
this  boundary  condition  is  arbitrary  tiecause  the  design  will  utilize  the  refrig¬ 
eration  energ-.’  of  the  robl  gas.  In  the  upper  diagram,  A,  the  enthalpy  gained 
is  just  that  of  the  heat  of  vaporization  of  the  liquid  helium,  from  point  1  to  2. 

If  the  helium  vent  is  (To.««-d  off  at  some  time  after  the  filling  of  the  storage 
container  wilb.  l.Me  and  allowed  to  pressurize  to  3  atm,  then  the  thermodynamic 
process  follows  the  patn  1-3-4,  in  the  middle  diagram.  No  vcntiiig  of  helium 
takes  place  in  the  path  1-3,  but  when  the  container  pressure  reaches  3  atm, 
venting  will  occur  along  the  patii  3-4.  It  ran  be  noted  that  the  storage  con¬ 
tainer  temperature  is  rising  during  this  «  ntire  process.  In  the  bottom  diagram, 
C,  a  similar  process  takes  place  but  at  a  pressure  of  .5  atm. 

Supercritical  helium  thcrmodvnamic  properties  vary  over  a  wide  range 
in  the  region  immediately  above  the  critical  point.  The  specific  heat  capacity, 
Cp,  and  thermal  conductivity,  reach  very  high  values  in  this  very  narrow 
zone,  and  the  closer  a  system  can  operate  to  the  critical  point  the  higher  the 
values  become.  From  the  T-5  diagrams,  for  example,  the  "flattening"  of 
the  isobar  lines  just  above  the  critical  point  will  readily  let  one  observe  the 
sudden  rncrease  of  Cp.  This  type  of  thermodynamic  operation  is  not  done 
without  some  problems,  though.  The  immediate  .supercritical  region  is  not 
too  well  explored,  and  thermodynamic  oscillations  and  instabilities  can  occur, 
yieF^mg  temperature  and  pressure  fluctuations  that  compound  thermal  and 
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Figure  06.  Temperature- Entropy  Diagrams 
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mechanical  design  problems.  Some  of  the  fluctuations  ran  be  damped  out  by 
talcing  advantage  of  acoustic  dan  ping  principles 

The  next  question  d^als  with  the  length  of  time  that  the  storage  container 
takes  to  pressurize,  loUowmg  the  initial  filling  of  .Idle,  (  uinputations  have 
been  made  to  determine  the  useful  time  of  refrigeration  as  a  function  of  the 
percentage  of  liquid  fill  in  the  storage  comainer  at  the  time  pressurization 
starts.  The  graphical  results  are  she  .vn  in  i- igure  97  for  pressurization  levels 
of  3  atm  and  5  atm  wnri  a  1  •  atm  free  bulling  reft  reiu  e  line.  The  boundary 
conduio'cs  are  a  volume  of  5  din"^,  a  heat  load  of  0  4  watt,  and  an  initial  100% 
fill.  It  can  be  seen  that  a  fullv  loaded  free-boiling  helium  container  will  have 
a  useful  refrigeration  ti:he  of  about  “  nrs.  while  the  3  atm  <  ase  ma>  reach 
nearly  11  hrs,  depending  on  th.e  tin  e  of  the  prt  ssurizalion,  Five-atin  opera¬ 
tion  shows  an  ii  creasing  jperating  time  as  th.e  litjuid  fill  decreases. 

The  resuit.s  shown  n  Figure  98  assun.e  that,  during  tin  time  required  for 
the  container  to  reach  pressure,  tiier*-  is  no  venting  e>f  indium  gas  tlirough  the 
radiometer  and  t.he  radiation  siiield.  Presuming  tiiat  tiie  initial  filling  opera¬ 
tion  was  conducted  slawlv  «j  tiiat  ti.f  n  suiting  gas  flow  cools  the  shields, 
this  cutoff  of  venting  gas  uuring  j  re.ssurizatio!.  will  allow  tiiesc  parts  to  warm 
up  again  and  substantiallv  .ncrea.se  tite  i.i'at  load  nr,  tin  storage  container.  It 
becomes  useful  to  know  how  long  it  woul  1  tase  for  a  t  otilamer  to  reach  its 
venting  pres.sure.  Figure  iiKistrates  this  tin.'  fa'  tor,  .siiow  ing  for  the 
3  atm  case,  that  the  pressurizing  time  increases  from  pus  over  1  hr  at  100% 
fill  to  over  4  hrs  at  a  70’^  fill  Two  .alt'-rnati vch  can  be  sugg'-sod  to  achieve 
the  pressurization  of  'he  ‘'•'orage  container  witi.out  allowing  ti,'  r»*mainder  of 
the  radiometer  to  uricii'v  rise  in  •'■.mporature;  (P  incorpc  rating  an  electrical 
heater  in  the  .storage  container  so  as  to  quickiv  rais«“  the  <  rvogen  energv  level 
to  that  of  the  desired  pres.sure  or  (2'  providin,q  a  S'’Condar>  radiation  shield 
heat  exchange  tubing  to  per, mil  the  pa.ssir.c  of  an  rxternallv  fed  cryogen  (such 
an  liquid  r.itroren,  L.N2*  to  ‘he  shield  The  second  method  noted  can  al.so  bo 
used  to  provide  a  degre*'  of  precooling  of  the  radiometer  prior  to  the  feeding 
of  liquid  helium  to  *he  storage  ccntainer.s. 

As  previou.slv  noted,  the  concept  of  using  helium  as  a  refrigerant  for  the 
radiometer  depends  heavily  upon  using  the  verv  high  enthalpv  of  the  venting 
gas.  Staged  thermal  protection  systems  must  be  considered  that  progressively 
add  thermal  energy,  or  "extract  refrigeration"  from  the  gas.  Shown  in  Fig¬ 
ure  95  is  a  typical  svstem  where  the  gas  flows  through  heat  exchanger  tubing 
on  the  baffle '  optical  structure  so  that  heating  by  the  planetary  radiation  during 
flight  can  be  effectivelv  absorbed  at  temperatures  less  than  20  K.  Gas  flow 
is  then  routed  to  the  radiation  shield  surrounding  the  rP'^iometer  to  intercept 
the  major  part  of  the  ambient  heating  of  the  radiometer.  An  optimum  trade¬ 
off  temperature  for  the  internal  radiation  shield  is  in  the  area  of  60  to  90'K, 
and  the  anticipated  gas  flow  will  be  more  than  adequate  for  cooling  the  shield 
to  these  temperatures.  To  further  extract  more  refrigeration  from  the  helium, 
a  heat  stationing  of  the  radiometer  plumbing  lines  and  thrust  support  is  also 
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Figure  97.  Time  of  U«eful  Refrigeration 
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f  igure  98.  Time  of  Pressurization 
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providt'd.  It  IS  evident  that  a  key  requirerrient  of  this  gas  flow  SNSlein  is  the 
efficient  transfer  of  heat  from  the  strutiural  elements  to  the  gas.  To  this  end 
:aany  systems  use  small  diameter  vent  tubing  for  the  helium  as  the  heat  trans¬ 
fer  coefficient  becomes  greater  with  smaller  hydraulic  diameters,  Dj.,.  Small 
diameter  tubing  can  become  clogged  with  frozen  gases,  how'ever,  if  the  system 
is  not  properly  handled, 

I  o  alleviate  the  problem  of  using  small- diameter  tubing  and  still  obtain 
small  value.s  of  1)^,  this  radion.eter  will  use  an  internally  finned  copper  tubing. 
Kii'urt  100  shows  (greatly  enlarged)  the  cross  section  of  a  duplex  finned  tubing 
that  IS  available  on  the  market.  '1  he  outer  tube  is  drawn  down  onto  the  inner 
tube  to  p.'ovide  a  verv  substai.tial  mechanical  bond  b<*tween  llie  fin  tips  and  the 
outside  of  the  inner  tube.  Ibe  anticipated  tube  c  ciifiguration  is  0.2.‘i0-in,  OD,  and 
and  with  the  inner  meriiber  being  a  blankc-d-off  tube  or  a  sol  d  rod.  The  selected 
diameter  will  enable  the  us»  of  .standard  coppcT  tubing  fitting  during  the  radiom¬ 
eter  nssemblv.  I  he  suc  cm  ss  of  thi.s  finned  tubing  depends  in  part  on  the  heat 
transfer  iritegritv  of  the  bond  between  the  fin  tips  and  the  inner  member.  Fig¬ 
ure  to  I  shows  a  aO.X  and  lOOX  magnification  nietellurgical  view  of  the  bond  line. 
While  the  bond  ca.nnot  be  de.scnbed  as  a  cold  w«Td,  the*  mechanical  swaging  pro- 
ce.ss  provides  a  good  thermal  interface-  for  tieat  transfe-r  purposes.  The  impor¬ 
tance  of  thi.s  point  is  that  ihe  surface  of  the  inner  memiic-r  must  provide  its  use¬ 
ful  portion  of  the  iteal  transfer  surface  area. 


The  selected  heat  c-xchanger  tubing  has  a  wetted  perimc'ter,  I’  ,  of  3.  h2 
cHt,  a  flow  cross-section  arc-a,  of  0,  1278  r-m2,  and  a  I)j^  of  0.  j4r)2  cm, 
where;  -  4  .-Xr/Pw  If  computing  the  c  onvective  hi-al  transfer  coefficient 
for  heat  exchanger  tubing  being  used  for  helium  vent  gas,  the*  flow  regime  is 
very  much  in  the  laminar  region  with  Hevnoids  numliers,  Vicing  less 

than  10^.  .-Ms  ),  the  ratio  of  tubing  length  to  Dj.  is  c^uite  higli,  typically  for 
this  case  F/IK  >  800.  In  referring  to  Kays  anti  London,  "Compact  Heat 
F>changers"  for  this  flow  regime  and  for  (essentially)  a  rectangular  tube  (each 
flow  channel  between  the  fins  bring  somewhat  rectangular),  the  convective 
heat-transfer  coefficient,  h,  is  inversely  proportional  to  the  Reynolds  number 
to  the  unity  power,  h  Therefore,  h  is  independent  of  the  helium 

mass  flow,  M,  and  depennent  onlv  on  the  Prandtl  number,  specific 

heat,  Cp,  viscosity,  microns,  and  invers»’lv  to  the  Representing  the 

inverse  of  h  in  the  form  of  a  thermal  resistance,  R,  per  unit  length  of  heat 
exchanger  tubing. 

A  second  thermal  rtsi.stance  must  be  considered  in  the  gas  flow’  that  is, 
the  resistance  associated  with  the  available  enthalp;-  or  R  =  1/M  C 

For  the  expected  values  of  mass  flow,  0.01  g/s  M  0.  04  g/s,  the  associ¬ 
ated  mass  flow  thermal  resistance  will  be;  20  V  'w>  R  >  .5k/w.  I'hus,  the 
thermal  transfer  to  the  helium  gas  is  very  good  compared  to  the  enthalpy  gain 
and  the  gas  temperature  will  be  quite  close  to  the  heat  exchanger  tube  wall 
temperature. 
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Klgurt*  100  l’ropo.s**(J  Heat-Exchange  Tub.  Configuration 


(a)  50X  (b)  400X 

Figure  101,  Bond  Line  -  Heat-Exchange  Tubing  Fin  Tip  to 
Innei  Tube  Bend 
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The  practical  aspects  of  filling  of  the  helium  storage  containers  must  be 
considered.  Provisions  for  filling  in  either  a  horizontal  or  a  vertical  position 
must  be  made.  Figuie  i  02  shows  echematicaily  the  canted  storage  container 
orientation.  The  criteria  h.ere  is  to  place  the  container  vent  outlet  in  the 
uppermost  position  for  eithe**  a  horizontal  or  a  vertical  position. 

For  support  mounting  two  concentric  sets  of  radial  ball  mounts  using 
pyre.x  spheres  in  hardened  metai  ball  scats  are  proposed,  w'ith  the  inter¬ 
mediate  interface  of  each  conoenxric  set  being  the  radiation  shield,  thus 
providing  a  heat  stationing  of  the  support  t.hermal  transfer.  From  the  outer 
ohell  to  the  radiation  shield  a  total  of  eight  balls  will  be  used  with  the  pre¬ 
load  ip  the  area  of  200  lbs.  and  resulting  heat  transfer  of  0.2  watt  for  each 
ball  or-  a  total  conduction  of  1.6  watt.s  to  ^he  I’adiation  shield. 

Between  the  radiation  shield  and  baffle/ optical  structure  another  group 
of  eight  balls  will  be  used  radially  at  a  preload  of  about  200  lbs,  but  the 
resultant  heat  transfer  is  only  0.  025  w'att  each,  total  0.2  watt,  due  to  the 
lov/er  boundary  temperatures  and  resultant  decrease  in  the  thermal  con¬ 
ductivity  of  the  pyrex  glass. 

A  major  portion  of  the  mechanical  forces  on  the  radiometer  occur  during 
launch  and  along  tiie  thrust  axis.  The  radiometer  mu.st  be  very  well  sup¬ 
ported  along  this  axis,  the  cylindrical  axis  of  the  assembly.  Between  the 
baffle/ optical  structure  and  the  radiation  shield  a  set  of  three  balls  and  three 
stainless  steel  retaining  screws  are  planned  with  a  thermal  transfei  of  0,075 
watt  for  the  balls  and  0.075  watt  for  the  retaining  screws.  From  the  radia¬ 
tion  shield  outward  to  the  outer  shell  the  allowc('  heat  tran.sfer  can  be  greater, 
and  the  resultant  thrust  supporJ  incorporates  a  pi-eloaded  structure  employ¬ 
ing  stainless  steel  members  that  also  incorporate  the  additional  heat  station. 
The  heat  transfer  to  the  radiation  shield  is  expected  to  be  4.  0  w'atts. 

Radiant  heat  transfer  from  the  outer  shell  to  the  radiation  shield  com¬ 
prises  the  major  area  of  this  type  of  transfer.  If  opposing  faces  of  the 
respective  mcmbeis  were  to  be  merely  gold  plated  with  typical  emmitlances 
of  0.02,  the  radiant  heat,  transfer  would  be  about  5.8  watt.  To  reduce  this 
heating  value,  a  multilayered  aluminized  Mylar  superinsulation  w'ill  be  used. 

The  applies  tun  of  as  few  as  10  layers  of  MLI  will  be  effective  in  reducing 
the  radiant  transf  r  to  the  radiation  shield  to  about  1  watt,  an  acceptable 
value. 

Dissipations  by  the  detector  system,  which  occur  during  flight  operations, 
are  predominantly  that  of  the  beam  chopper  which  has  a  value  of  0.030  watt. 
Dissipations  by  the  detectors  and  their  closely  associated  preamplifiers  will 
be  in  the  milliwatt  level  and  will  not  have  a  significant  effect  on  the  overall 
thermal  balance  of  the  radiometer.  Since  the  detectors  and  the  chopper  must 
be  the  coldest  elements  of  the  radiometer,  they  will  be  ver'  closely  coupled 
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with  copper  thermal  straps  to  the  helium  storage  containers  which  is  less 
than  7°K  by  design.  It  would  be  expected  that  the  chopper  will  be  no  more 
than  I°K  above  the  container  temperature. 

PriC'.'  to  the  flight  operations,  the  radiometer  will  have  been  evacuated 
and  filled  with  the  helium  pyrogen.  Once  a  suitable  altitude  has  been  reached, 
the  vehicle  nose  cone  will  be  ejected  and  the  front  cover  of  the  radiometer 
outer  shell  (vacuum  closure)  released.  With  the  radiometer  pointing  near 
the  earth  tangent  there  will  be  a  substantial  heat  load  upon  the  exposed  front 
of  the  radiometer.  The  earth  radiation,  considered  here  as  diffuse  and  at 
300°K,  will  impose  a  heating  of  about  2.G  watts  into  the  entrance  aperature 
of  the  l  adiometer.  The  remainder  of  the  exposed  radiation  shield  w'ill  also 
have  the  earth  heat  load  present,  but  it  is  expected  to  be  able  to  retain  the 
MLI  on  the  major  por  tion  of  the  shield  and,  therefore,  not  grossly  upset  the 
thermal  input  to  tiie  shield. 

Radiant  thermal  energy  entering  the  aperture  will  be  incident  on  all 
parts  of  tile  baffle,  but  most  of  tiie  2 .  G  watts  will  be  absorbed  within  the  first 
25  cm  of  tile  baffle  lengtii  as  siiown  in  Tigure  103.  An  analogy  w'as  made  of 
parallel  discs  witii  increa.sing  spacing  coupled  with  the  geometrical  view'  fac¬ 
tors  between  tile  entrance  aperture  disc  and  discs  stationed  along  tiie  baffle. 
Tins  analogy  will  iiold  provided  tiiat  the  incoming  radiation  is  considered  to 
be  from  a  diffuse  source,  sucii  as  the  earth.  The  two  curves  describe  the 
ratio  of  thm-mal  radiant  energy  incident  to  any  plane  relative  to  the  energy 
entering  tiie  aperture,  and  also  shown  in  step  form  i.s  the  aljsorbed  energy 
relative  to  tiie  energy  entering  tiie  aperture. 

For  flight  times  on  tiie  oi'der  of  20  min,  tiie  heat  entering  the  baffle 
represents  a  total  enei  gy  of  3100  J,  wiiich  is  well  within  the  residual  energy 
storage  capability  of  tiie  iielium  cryogenic  system.  Of  importance  is  the 
thermal  gradients  in  the  baffle  that  will  result  from  this  sudden  impingement 
of  heat  energy.  By  using  relatively  pure  aluminum  in  the  baffle  construction, 
tiie  metallic  tiiermal  conductivity  will  be  maintained  at  a  fairly  high  value. 

In  the  temperature  range  of  5®K  to  1  5°K  the  conouctivity  is  not  far  from  that 
of  room  temperatures,  iiaving  fallen  from  a  maximum  in  the  region  of  20®K 
to  30°K.  In  the  first  25-cm  length  cf  baffle,  the  heat  load  will  result  in 
temperature  gradients  of  less  than  6.2®K  ensuring  that  no  part  of  the  baffle 
will  exceed  20'’K  temperature  limits. 


4.11  CALIBRATION 

The  extreme  sensitivity  of  the  instrument  requires  a  very  high-quality 
(low-radiation-leakage)  cooled-background  test  chamber  for  all  absolute 
calibrations  (Figure  104).  Two  chambers  which  will  be  suitable  are: 
the  Air  Force  chamber  at  Tullahoma,  Tennessee,  and  the  Honeywell 
Chamber  now  under  construction. 
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A  secondary  calibration  capability  will  be  provided  in  the  instrument  in 
two  places.  When  the  cover  is  in  place  a  small  light  (IR)-emitting  laser 
diode  (l.EDl  source  will  act  as  a  source,  to  traverse  the  entire  optical  sys¬ 
tem.  In  this  w'ay  it  w'ili  be  possible  to  check  the  operation  and  calibration 
of  the  instrument  on  the  ground,  during  launch  and  during  ascent,  until  the 
cover  is  removed.  Once  the  cover  is  off,  a  second  LED  can  be  stimulated 
on  command  for  inflight  calibration.  This  second  diode  is  located  behind 
the  radiation  chopper  and  is  only  ofierative  while  the  chopper  is  closed.  The 
optical  system  behind  the  choppei-,  consisting  of  the  sjiectronieter  and  the 
detectors,  are  also  stimulated.  The  cliannels  which  may  be  calibrated  and 
checked  in  this  manner  depend  on  the  choice  of  laser  diode.  Various  LED 
laser  diodes  are  available  foi  IH  wavelengths.  The  choice  of  calibration 
diode  is  still  under  study,  and  a  diode  type  will  be  selected  in  the  design 
phase  of  the  program. 


4.11.1  Description  of  Honeywell  Chamber 

Chamber  --  The  chambei-  is  78  in.  in  diameter  and  in.  high.  It  is  fabri¬ 
cated  of  stainless  .steel  and  outfitted  with  ccnicentric  aluminum  shrouds  -- 
an  outer  shroud  cooled  to  77'K  with  liquid  nitrogen  and  an  inner  shroud  cooled 
to  20'’K  using  liquid  helium.  .A  la-in.  chambiM'  extension  houses  a  h<*lium- 
cooled  radiation  trap  which  absorbs  collimated  radiation  passing  the  radiom¬ 
eter  when  it  is  rotated  to  an  off-axi.-^  position.  The  interior  of  this  trap  and 
the  inner  shroud  are  painted  with  d.M  Black  Vedvet  to  ensure  absorptivities 
greater  than  0.9.  The  chamber  is  capable  of  maintaining  a  vacuum  level  of 
10"1’>  torr. 

Blackbody  .Source  and  Attenuator  --  The  blarkbody  .source  is  configured  as 
an  off-axi.s  rece.ssed  cone  (h'ngtli/ diameter  =  3)  made  from  aluminum  with 
internal  specular  black  .<^urface.s .  This  ronfiguralion  has  demonstrated  a 
directional  emissivi^y  of  >0.9^9  over  a  cone  angle  of  at  least  10  deg.  The 
source  is  initially  directly  cooled  by  liquid  nitrogen,  and  temperature  sub¬ 
sequently  can  bo  controlled  to  within  0.  LC  using  a  platinum  resistance 
thermometer  within  the  block  and  a  pi'oportional  control  amplifier  driving 
a  nichrome  wire  heater. 

Directly  in  front  of  the  source  are  mounted  an  aperture  wheel,  a 
chopper,  and  an  attenuator.  The  attenuator  is  an  integrating  sphere  coated 
inside  with  a  diffuse,  highly  refleetive  paint.  This,  combination  is  capable 
of  reducing  the  transmitted  source  energy  by  a  factor  of  10^.  Output  from 
the  attenuator  fias^^es  through  a  filter  wheel  and  a  variable  aperture  plate 
which  defines  the  sir.e  of  the  simulated  point  source. 

Point  Source  Ot  cs  --  From  the  point  source  aperture,  the  beam  is  directed 
in  an  f/4  cone  to  an  elliptical  mirror  which  reimages  it.  Stray  radiation  is 
trapped  in  the  process,  and  the  well-defined  beam  continues  on  to  an  off-axis 
parabolic  mirror  which  collimates  it  in  the  direction  of  the  radiometer.  Both 
the  aperture  and  collimating  mirror  will  be  adjustable  from  outside  the 
chamber  through  sealed  bellows  linkages. 
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Extended-Source  Optics  --  A  2  in.  x  4  in.  heated  flat  plate  radiates  to  an 
elliptical  mirror  which  reimages  it  just  below  the  point  source  reimage 
position.  A  flat  mirror  then  direc  s  this  radiation  to  the  parabola  where 
it  is  superimposed  on  the  collimated  point  source  beam.  The  extended 
source  represents  a  horizontal  angular  spread  of  10  deg  and  a  vertical 
angular  spread  of  5  deg,  it  is  adjustable  vertically  from  1/2  deg  to  8  deg 
below'  the  radiometer  optical  axis. 

All  mirrors  are  made  of  ULE  fused  silica,  with  a  gold  coating,  and  are 
cooled  conductively  with  liquid  helium  through  lines  attached  to  the  mounting 
plate. 

Shrouds  and  Haffles  l.iquid-helium-cooled  shrouds  and  baffles  are  located 
within  the  chamber  to  minimi'ze  stray  reflections  and  self-emission,  par¬ 
ticularly  into  the  radiometer  field  of  view.  .Ml  internal  exposed  surface.s 
are  coated  with  3.M  Hlack  \’elvet  to  acliiev«*  atisorptivities  greater  than  O.P. 

Temperature  .Monitoring  --  Temperatur'es  of  tiie  .sources,  mirrors,  point 
.source  aperture,  and  cliambei-  walls  are  monitored  witli  platinum  resistance 
surface  temperature  sensors. 

Error  Analysis  --  .A  calibration  accuracy  of  apiiroxirnately  i.s  estimated 
for  this  chamber. 


4.11.2  Calibration  I'ests 

Tlie  following  tej'.ts  will  be  performed  to  obtain  a  ground  l  alibration 
of  the  radiometer; 


(1)  Chamber  functional  checkout 

(2)  E.xpcrimental  verification  of  <>rrnr  analysis;  the  PCC 
will  be  calibrated  and  it.s  accuracy  established 

(3)  Radiometer  functional  checkout 

(4)  Voltage  -  irradiance  calibration;  data  will  be  obtained 
to  produce  a  curve  relating  watts/cm“  incident  on  the 
aperture  to  output  voltage  of  the  radiometer:  this 
measurement  will  be  repeated  several  time.s. 

(5)  Off-axis  rejection  measurement;  the  capability  of  the 
radiometer  for  rejecting  off-axis  radiation  while 
measuring  radiation  from  a  point  .source  will  be  deter¬ 
mined;  the  radiometer  will  be  subjected  to  radiation 
from  1/2  deg  to  8  deg  off-axis. 
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(G)  Voltage-1- 1  adianco  calibration  verification;  upon  completion 
of  tests  at  HI,  the  radiometer  will  be  shipjX’d  to  AEIX.\ 

Tullahonia,  where  the  voltage-irradiance  calibration  will 
be  repeated  in  the  7 -volt  LWIR  sensoi'  test  chamber. 

The  following  tests  w'Lll  be  conducted  to  calibrate  and  verify  the  stability 
of  the  inflight  calibrator: 

•  IFC  functional  checkout. 

•  Calibration  and  stability;  the  II  C  will  be  operated  immediately 
after  each  of  the  voltage-irradiance  calibration  tests  described 
above  (4),  these  tesi.s  will  provide  a  calibration  and  measure 

of  short-  and  long-term  stability  of  the  Il'C. 

•  Calibration  and  stability  v*-rification,  in  conjunction  w'ilh  lest 
item  (G)  above,  tht-  II  C'  will  be  retested  in  (2)  above  at  AEDC, 
Tullalioma,  *0  verify  cahln  ation  accuracy  and  staliility. 
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5.  1  CANDIDATF  KlK'KKT  VFUK'LI"- 
5.  1.  I  Vehicle  C'unipafiaon 

1’he  inv'tstigation  of  i-ocket  vehicles  as  candidates  for  the  .nb  radiance 
measurement  mission  centered  on  thi>se  having  {>ver  200  lb  pavload  and  over 
300-km  altitude  capability.  Inquiries  were  made  of  rocket  manufacturers  on 
this  basis,  soliciliriR  information  on  configurations  and  performance  for 
vehicles  operational  in  ttie  1071  to  l'»73  time  period.  Vtdiicles  having  one  and 
two  stages,  within  the  i3-in.  to  3l-in,  diameter  range,  and  having  total  impulse 
in  the  range  of  about  3  x  lO^  to  3  x  10*’  lb-sec  have  been  noted  for  considera¬ 
tion.  Hotli  solid-  and  liquid-pri)ix‘llcd  vehicles  were  included  in  the  study.  In 
one  case,  a  new  and  proprietary  solid  fuel  has  been  suggested  as  liaving  signi¬ 
ficantly  lower  costs  and  wider  temperature  tolerance.  In  general,  the  rockets 
of  interest  are  not  those  prominent  in  earlier  ’-ocket  missions,  most  of  which 
were  carried  out  at  lower  aititu  ies,  or,  wl  ere  higher  altitudes  were  flown, 
maile  use  of  many  stages. 

Salient  points  of  comparison  of  11  roiki-i  vehitU'S  ar«'  givtm  in  I'lpure  lOi) 
and  't'atde  22.  'I'he  former  sho'.vs  grapliuallv  i he  relationship  of  peak  altitude 
to  pavload  weight  a.s  r  epor'c'd  hv  different  roi,  ket  manufai  turers;  the  latter  is 
a  tabiilaMon  of  kev  information  relating  to  vehiilc  applir  atioii,  In  'rable  23, 
it  i.s  .seen  that,  for  pavload  weigtr.^  grea'er  than  'lOf)  Ib.s  and  altitudes  greater 
than  about  400  km,  31 -in.  diameter  veliu  les  ai  e  required.  .Among  the 
smaller-. liameter  vehicles,  .Aerobee  350,  .Astrobee  F,  and  Hlark  Hrant  VB 
have  the  best  altitude -weight  performance,  of  these,  Astrobee  !•  is  not  a 
flight- proven  vehicle,  though  it  mav  tie  fiperational  in  107], 

\probee  130' 170  vehicles  iiave  inaciequate  performance  for  the  limb 
measurement  mission  and  will  not  bo  considered  further.  Sandhawk-Tomahawk, 
though  capable  of  altitude  performance  in  the  .300-  to  7nfJ-km  range  for  lOO-lb 
and  200-lb  pavloads,  does  not  appear  adequate  either.  Its  small  diameter 
indicates  the  need  of  a  bulbous  pavload  with  performance  degraded  to  ’&.ss 
than  that  given  in  Figure  103.  Sandhawk  has  an  excellent  flight  history,  having 
flown  230  to  300  flights  in  single-  and  two-stage  versions  with  virtually  no 
failures  and  with  pavloads  up  to  12  in.  ir.  diameter  weighing  220  Ihs.  Thiokol 
has  suggested  Terrier,  a  surplus  Navv  item,  as  a  boost  stage  for  Sandhaw’k- 
Tomahawk  to  raise  its  apogee  perhaps  300  to  400  km.  The  Terrier-Sandhawk 
and  Sandhawk-Tomahawk  combinations  have  flown  but  not  in  the  combination 
of  all  three  vehicles.  The  altitude-weight,  possibilities  of  this  three-stage 
version  would  bear  further  stu^'v  if  pavload  dianietor  car.  be  of  the  order  of 
12  in. 
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Figure  105.  Rocket  Vehicle  Payload/Weight  Comparison 
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The  Black  Brant  VB  is  the  most  likely  candidate  among  the  Priaiol 
Aerospace  vrnicles.  The  Black  Brant  IV’  family  has  only  10-i»'..  iiameter 
forward  hardware,  and  payload  weights  heavier  than  200  lbs  are  conjectural. 

Of  this  family  the  Black  Brant  IV’A  has  flown,  its  heaviest  payload  being  198 
lbs  cl;  apogee  altitude  of  600  km.  Black  Brant  \’B  has  had  18  flights  with 
i»o  failures.  Its  17-in.  diameter  is  compatible  with  that  of  Nike,  and  the 
possibility  of  a  Nike  boost  has  beer  under  study  by  NASA.  As  seen  in  Fig¬ 
ure  1.05,  the  predicted  performance  of  Black  Brant  \^B  with  Nike  boost 
exceeds  that  of  Aerobee  350.  The  ”B  has  been  flown  using  the  Skylark 
recovery  systein,  and  a  modified  Sandia  system  has  been  flown  successfully 
by  N'RL  from  Wallops  with  water  recovery.  Bristol  is  developing  its  own 
rect  very  system  to  be  flown  in  May  1970. 

The  Astrobee  F  rocket  is  a  proprietary  Jevelopment  which  ma;y  be  opera¬ 
tional  by  1971.  Designed  to  make  use  of  existing  Aerobee  subsystems 
(attitude  control,  recovery,  payload  housing  and  extensions),  it  features  a  new 
solid  propellant  material.  This  material  has  wide  range  of  burning  rates 
which  makes  it  possible,  with  a  single  motor,  to  have  a  higli-thrust  delivery 
for  liftoff  foB^'wed  by  a  low-thrust  regime  for  climb.  'I  bis  dual-mode  burning 
characteristic  creates  the  effect  of  having  an  auxiliary  liooster  at  launch.  In 
addition,  the  new  material  has  increased  tolerance  to  temperature  extremes 
and  costs  .an  order  of  magnitude  less  than  conventional  solid  propellant.  The 
altit\ide-weight  performance  of  the  .A-strobee  F  approaches  that  of  the  Aerobee 
350,  but  its  cost  will  be  about  one-fourth  of  the  350's.  Its  aliitude-weight 
performance,  as  shown  in  Figure  105,  is  expected  to  surpass  that  of  the 
Aerobee  350  with  Nike  boost.  .Although  its  maximum  payload  weight  has  not 
been  specified,  Aerojet-General  feels  it  may  be  500  lbs  or  more. 

The  Aerobee  350,  a  Nike-boosted,  liquid-propellant  rocket,  was  developed 
by  NASA  prompted  by  the  neeci  to  carry  large-diameter  optical  systems  aloft 
for  longer  periods.  Its  altitude-weight  performance  is  the  best  of  the  less  than 
31-in.  diameter  rockets  shown  in  Figure  105,  Its  price  is  also  the  highest  in 
this  diameter  class.  It  has  made  three  successful  flights  and  is  considered 
to  be  qualified.  Eight  more  flights  are  scheduled  in  the  next  tw’o  years  from 
Wallops  and  White  Sands  Missile  Range  --  the  only  locations  at  which  the 
350  is  flown.  The  requirement  for  a  tower  restricts  launching  to  these  two 
sites  although  some  consideration  has  been  given  at  NASA  to  the  possibility 
of  rail  launching,  using  a  Nike- Hercules  or  other  heavy-duty  rail  or  boom 
launcher.  Additional  tow'er  launchers  are  estimated  to  cost  about  a  quarter 
million  dollars.  A  recovery  .system  for  the  Aerobee  350,  patterned  after  that 
of  the  Aerobee  150,  is  expected  to  be  flight-tested  in  late  1969. 

The  31-in.  diameter  vehicle-O  include  the  Astrobee  1500  and  the  Castor- 
based  SWIK's  and  AH  PA  vehicles.  The  Castor-based  rockets  are  similar  to 
the  Athena  vehiclf.  which  at  mid- 1969  had  bad  116  flights  wMth  91  successful. 
The  standard  SWIK  (SWIK  .A)  has  had  seven  flights,  all  of  them  successful. 

The  SWIK  B  and  D  are  upgraded  versions  of  the  standard  SWIK  but  have  not 
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flown.  The  ARF’A  vehicle  has  had  five  flights,  all  successful.  The  common¬ 
ality  of  these  vehicles  can  be  seen  in  the  Table  23  power  plant  listing.  It  is 
seen  that  they  can  use  Castor  I  or  Castor  II  first  stages  with  two  strapped-on 
Recruit  motors  for  boost;  second  stages  are  Hercules  Antares  1,  Antares  2, 
or  the  Thiokol  TX-251  motor.  These  are  similar  motor  combinations  to  those 
used  for  the  first  and  second  stages  of  Athena,  the  vehicle  used  in  penetration- 
aids  research.  The  Castor  XM-33  with  two  Recruit  boost  motors  has  been 
successfully  flown  over  200  times,  and  the  Castor  TX-354  motor  is  used  as  the 
second  stage  of  the  Scout  launch  vehicle. 

The  similarity  of  the  Atlantic  Research  S\\  iK  vehicles  and  the  Aerojet- 
General  .\strobee  1500  can  be  noted.  The  .‘\strobee  1500  uses  the  Aerojet 
Junior  as  a  first  stage  augmented  by  two  Recruit  boosters  in  the  manner  of 
the  SWIK  vehicles.  The  Alcor  IH  is  the  second  stage.  The  Aerojet  Junior 
motor  was  originally  developed  for  the  Jupiter  program  and  has  been  used  as 
the  back'.p  second  stage  of  the  Scout  vehicle.  The  Alcor  motor  was  developed 
for  use  as  an  upper  stage  in  the  S^'out  program,  and  the  A  "or  IP,  an  improved 
version  of  the  c>riginal  .Alcor,  was  developed  for  the  .Athena  prci^ram.  The 
A.strobec  1500  has  a  first-stage  total  impulse  of  abou'  1.  8  x  IC^  pound-seconds, 
nearly  that  of  the  SWIK  A,  H,  and  .ARPA  vehicles,  but  its  second-stage  total 
impulse  is  about  one-thirci  to  onc-IIolf  of  these  vehicles. 

Of  the  31-in.  diameter  vcdiicles  shown  in  Figure  105  the  ARPA  has  the 
lowest  altitucie  performance.  T(ie  weight  of  this  vehicle,  both  before  and 
after  propellant  burning,  is  appreciably  heavier  than  that  of  the  SWIK  A, making 
it  a  less  likely  candidate. 


5 .  1.2  Summary  a.vd  Conclusions 

An  investigation  of  rocket  vehicles  operational  in  the  1971-1973  time 
period  was  made  using  information  contributed  by  four  vehicle  manufacturers. 
The  vehicles  considered  have  one  or  two  stages,  and  most  use  auxiliary  boost 
for  high  initial  thrust.  Hoth  solid-  and  liquid-propelled  vehicles  were  included 
in  the  surv'ev. 

Vehicles  having  less  than  22-in.  principal  diameter  have  peak  altitudes 
below  400  to  500  km  with  payloads  of  300  to  500  lbs.  For  higher  missions, 
it  is  necessarv  to  resort  to  31 -in.  diameter  vehicles  having  peak  altitudes 
on  the  order  of  900  to  1500  km.  These  larger  vehicles  have  significantly 
higher  costs,  and  none  have  recoverv  experience.  However,  if  flown  from  a 
range  having  a  central  latitude,  it  is  estimated  that  th?ir  more  extensive  view 
coverage  would  make  necessary  about  half  the  number  of  flights  as  would  be  the 
case  using  less  than  22-in.  rockets  flown  from  a  southerly  and  northerly 
latitude. 

F'or  missions  in  the  peak  altitude  range  of  300  to  400  km,  the  Nike-boosted 
Astrobee  350,  Astrobee  F,  and  Black  Rrant  VB  are  candidates.  Of  these, 
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Astrobee  350  is  limited  to  tower-launch  locations  and  is  considerably  more 
expensive  than  the  other  two  candidates.  Astrobet  r  has  attractive  features 
but  its  availability  in  1971  is  not  ensured.  Black  Brant  VB  requires  qualifi¬ 
cation  flights  with  the  Nike  boost  but  offers  a  competitive  price,  a  good  flight 
record,  and  a  slightly  larger  payload  diameter  tlian  the  Astrobee  F. 

For  missions  in  the  peak  altitude  range  above  1000  km,  SWIK  A  and 
Astrobee  1500  have  flight  experience.  SWIK  B  and  D  offer  best  altitude- 
payload  weight  performance  and  proven  .'^lotors  alttiough  not  flight-proven  in 
these  specific  combinations. 

P’or  this  program,  the  Black  Brant  VB  has  been  selected  as  the  candidate 
vehicle,  offering  250-  to  300-km  altitudes  with  net  payloads  in  the  range  of 
300  '  >s  and  an  excellent  success  record.  In  addition,  this  vehicle  offers  the 
possibility  at  a  simple  extension  to  500-km  altitudes  through  addition  of  a 
Nike  boost  stage. 


5.2  SELECTED  VEiriCLi:  DESrRiPTION 

The  Black  Brant  V  is  a  sinr le-stagc,  solid-propellant,  rocket  available  in 
three  standard  configurations  -  VA,  VB,  and  VC,  These  three  configurations 
are  similar  in  external  appearance  and  launch  weight  but  differ  in  that  the 
VB  and  VC  have  a  higher-performance  motoi’  than  the  VA.  The  VA  and  VB 
have  three  external  fins  and  are  designed  to  be  launched  from  a  35-ft  long 
boom-type  launcher  fitted  with  underslung  forward  and  rear  rails  which 
provide  15  ft  of  travel  and  zero  tip'^tf.  The  VC  has  four  fins  and  is  designed 
for  launch  from  existing  towers  at  Wallops  Island  and  White  Sands,  The 
Black  Brant  V  motor  characteristics  are  shown  in  Table  24,  and  typical 
performance  data  for  the  three  configura'ions  are  shown  in  Table  25. 

Figure  106  sho'^'s  the  nominal  apogee  height  versus  gross  payload  weight 
for  the  three  standard  Black  Brari  V  configurations.  These  data  show  that  the 
Black  Brant  VB  has  the  highest  y.erformance;  therefore  this  configuration  is 
covered  in  greater  detail  in  ^’.le  follov  j.ig  paragraphs. 

The  Black  Brant  gross  payload  is  the  total  weight  forward  of  station  0.  0 
(F'igure  107)  including  the  nose  cone,  any  cylinder  extensions  required  and 
the  igniter  housing.  The  standard  nose  cone  weighs  53  lbs,  the  Black  Brant 
VB  igniter  housing  weighs  19  lbs,  and  the  standard  cylinder  extensions  weigh 
approximately  7  lbs  plus  1  lb  per  inch  of  length.  Figure  108  shows  Ine  apogee 
versus  payload  weight  for  launch  angles  between  75  and  87  deg.  In  this 
illustration,  the  net  payload  is  gross  payload  less  the  weight  of  the  standard 
nose  cone,  igniter  housing  and  a  21 -in.  cylinder  extension.  As  an  example,  the 
Black  Brant  VB  will  carry  a  not  payload  of  300  lbs  to  an  apogee  between  250 
and  300  km,  depending  on  quadran!  elevation. 
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Configuration 

Item 

VA 

VB  and  VC 

BAL  Alotor  Designation 

15KS25000 

26KS20000 

Length  (inch) 

210 

210 

Diameter  (inch) 

17.2 

17.  2 

Grain  Configuration 

6  Pt.  Star  Center 

Shell-Slot 

Auto-ignition  temp  (^l- .  ) 

527 

527 

Total  impulse  (lb-sec) 

383,000 

506,000 

Average  thrust  (lb.  ) 

25.200 

17, 025 

Average  chamber  pressure  (psi) 

810 

663 

Burning  time  (sec) 

13.2 

26.9 

Action  time  (sec) 

18.  1 

32.4 

Operating  temperature  range  (*^F. ) 

0  to  120 

-10  to  +125 

Table  25.  Typical  Black  Brant  V  Performance 
Data  (308-pound  gross  payload) 


Configuration 

Item 

VA 

VB 

VC_ 

Q.K.  (deg) 

85 

85 

85 

Apogee  (km) 

181 

375 

352 

Time  to  apogee  (sec) 

220 

330 

310 

Range  at  impact  (km) 

93 

269 

258 

Time  to  impact  (sec) 

410 

605 

580 

Maximum  velocity  (ft/ sec) 

6200 

8500 

8500 

Maximum  longitudinal 
acceleration  (g) 

16 

15 

t  5 

Maximum  dynamic  pressure 
(lb/ft2) 

11.600 

5,900 

5,900 

Terminal  roll  rate  (rps) 

0  or  4 

0  or  4 

0  or  4 

Burnout  (sec) 

T  +  18 

T  +  33 

T  +  33 

Burnout  altitude  (km) 

18.9 

38.7 

38.7 

APOGEE  (KILOMETERS) 
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Figure  107.  Black  Brant  VB  Ccjnfiguration 


Figure  108,  Black  Br-'nt  VB  Apogee  versus  Payload  Weight 
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rhf  Black  Brant  VH  launch  accelei  ation  will  vary  from  a  maximum  of 
ovei-  16  g  s  to  a  maximum  of  less  than  10  g's  deptmdihg  on  payload  weight, 
launch  angle  and  other  factors.  Figure  100  shows  tlie  launch  acceleration 
time  history  for  several  typical  launch  configurations. 

The  Black  Brant  VB  standard  nose  is  an  ogive  fairing  witli  a  4.26:1 
fineness  ratio  available  either  in  stainless  steel  ot-  fiberglass.  The  nose 
fairing  i.s  75  in.  long  with  a  maximum  diameter  of  17.2  in.  The  payload 
compartment  length  can  be  increased  to  a  maximum  of  145  in.  by  adding 
standard  cylindrical  extensions.  Figure  110  shows  the  center  of  gravity 
restrictions  for  Black  Brant  \'B  payloads. 

The  Black  Brant  \'B  can  be  flow'n  with  fins  set  to  produce  either  a  nominal 
zero  (>0.  5  rps)  rate  or  be  set  to  give  the  roll  hi.storv  shown  by  I'igtire  ill. 

There  have  been  16  flights  of  the  Black  Brant  VB,  through  August  IftfiO, 
with  no  failures.  'I'he  predicted  success  ratio  for  achieving  expected  altitudes 
and  flight  performance  of 

The  pavload  recoverv  system  lijstury  for  the  Black  Biant  V  is  as  follows: 
The  Skylark  recover\  svstetit  .has  been  used  on  the  Black  Brant  VA.  Five 
recoverv  systems  have  hi-en  flown:  the  last  three  lesulted  in  successful 
recovorvs.  The  five  svi^eir.s  were  all  launched  from  fliurchill  with  land 
recovery.  Tlie  Skvlark  recoverv  s.stem  is  17.05  in.  long,  weighs  70  lbs,  has 
an  impact  velocity  of  10  ft/sec  with  a  500-lh  payload  and  will  recnvi'r  a  pay- 
load  with  a  maximum  gros*;  weight  of  500  lb. 

Bristol  Aerospace  is  designing  a  parachute  recovery  svstcin  specificallv 
for  the  Black  Brant  '"B  and  \'C.  Both  the  logic  .system  and  the  jiaracliute 
have  been  independentlv  flown.  This  system  is  12  in.  long,  weighs  70  lli.s. 
uses  a  28-ft  main  chute,  has  an  impact  velocity  of  28.  3  ft /sec  with  a  400-lb 
payload  a.  d  will  recover  a  maximum  pavload  of  .500  lbs.  Tliis  system  is 
scheduled  to  be  launched  aboard  a  Black  Brant  VC  in  IVlay  lf‘70  followed  by 
a  second  launch  from  White  Sands  in  November  1P70. 

The  Naval  Research  Laboratories  are  flving  a  modified  "Sandia"  recovery 
svstem  on  Black  Brant  VBs.  The  standard  parachute  has  been  replaced  by  a 
larger  unit  to  permit  recovery  of  heavier  payloads.  The  first  launch  is 
scheduled  for  November  1969.  The  Air  Force  Cambridge  Research  Center 
is  reported  to  have  scheduled  two  Black  Brant  VB  launches  from  Eglin  with 
recovery.  An  "air  snatch"  is  planned  using  a  C130  aircraft.  The  recovery 
system  used  would  be  .similar  to  the  Bristol  system  but  with  hea  Mer  shrouds. 
Figures  112  and  113  show  typical  impact  range  and  impact  dispersion  data  for 
ti.fi  Black  Bran*  VB.  Impact  dispersion  can  be  reduced  to  approximately  one- 
third  of  that  shown  by  Figure  112  by  using  the  Black  Brant  VC  and  a  tower 
launch  from  Wallops  or  White  Sands. 

The  current  price  of  Black  Brant  V  rockets  is  showm  by  Table  26.  The 
prices  are  in  US  dollars  and  are  FOB  Winnipeg,  Canada. 
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100,  Black  Bran,  VB  Accelcrallcn  versus  Time 
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Table  26.  Cost  of  Black  Brant  V  Rockets 


1 — - - 

Cost  i 

trt  No. 

Description 

BP  VA 

BB  VB 

BB  VC  ] 

6>:)C-00045 

Nose  assembly  including: 

$  2,230 

$  2,230 

-00017 

Fiberglass  tgive  nose  fairing 

-00013 

Igniter  h-^using  with  foreward 
launch  lug 

600-00045 

Nose  assembly  including 

$  2, 230 

-00017 

FRP  fiberglass  ogive  nose  fairi’.ig 

-00115 

Igniter  housing  filtered  with 
ribbing  shoes 

600-00046-1 

15  KS25,  000  rocket  motor 
including  igniter  assembly 

$16,940 

600-00046-3 

15  KS20,  000  rocket  motor 
igniter  assembly 

$23, 580 

$23,580 

600-00048 

Noaale  assembly 

S  1,060 

600-00048-3 

Exit  cone  assembly 

$  1,350 

$  1,350 

600-C0047 

Tail  assembly  including;  aft  body 
assembly  with  rear  laun  :h  Ings 
and  fin  assembly 

$  6,320 

$  6,320 

600-0004;-11 

i 

1 _ _ _ _ _ 

Tail  assembly  including:  4 -fin 
assembly  and  rubbing  shr  j 

1 _ 

$  8,  130 

■ 

Total  Cost 

$26,'' 

$33,480 

$35,280 

k.  ■■ 
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The  Black  Brant  altitude- payload  performance  can  be  increased  by  using 
a  boosted  system  similar  to  that  used  on  the  Aerobee  170  and  Aerobee  350. 
With  this  system,  a  N'ike  booster  is  attached  to  the  bottom  of  the  Black  Brant 
through  a  spigot  system. 

The  Nike  adds  an  average  of  50,000  lbs  of  thrust  for  the  first  3.  2  sec  of 
flight  and  then  falls  awav  from  the  Black  Brant.  Figure  114  shows  a  prelimi¬ 
nary  comparison  t  altitude-payload  weight  performance  of  a  Black  Brant 
VB  and  a  Nike-boosted  Black  Brant  VB.  It  is  estimated  that  the  use  of  the 
Nike  booster  system  would  add  from  *6,000  to  $7,000  to  the  cost  of  the  Black 
Brant  VB  in  addition  to  ihe  cos.  e'  development  engineering  and  rocket 
qualification  flights. 

The  addition  fif  a  Nike-lioosted  stage  to  the  Black  Brant  results  in  an 
increase  in  apogee  altitude  and  an  increase  in  the  total  time  available  for 
measurement.  Trajectories  have  been  computed  for  the  Black  Brant  VC, 
and  these  are  shown  in  Figure  115.  About  80  sec  are  consumed  in  pre- 
measurement  maneuvers  in  both  cases.  The  apogee  altitude  in  the  Nike- 
boosted  case  is  about  45%  higher,  and  the  total  measuren* ent  time  is  480  sec 
or  about  23%  longer  than  if  the  VC  were  not  Nike  boosted. 

The  Black  Brant  VB  has  slightly  better  performance  than  the  VC  as  shown 
in  Table  27.  These  are  nominal  values  with  a  gross  payload  weight  of  547  lbs 
and  Q.  E.  of  85  deg. 


Table  27,  Performar”e  Comparison  of  Black  Brant  Vehicles 


Vehicle 

N  ike-Boosted 

.Apogee  Altitude  (km) 

Measurement  Time  (sec) 

VB 

No 

270 

420 

Yes 

390 

510 

VC 

No 

250 

390 

Yes 

360 

480 

5.3  AUXIL.ARY  SERSY.STEMS 

The  proposed  auxiliary  subsystems  consist  of  the  payload  supporting 
structure,  attitude  control,  attitude  determination,  telemetry,  tracking, 
electrical  power,  separation,  and  recovery. 


211 


UNCLASSIFIED 


APOGEE  ALTITUDE  (KILOMETERS) 


U^^UVSSIRED 


Figure  114.  Apogee  versus  Gross  Payload  Weight  for  Boosted 
and  Unboosted  Black  Brant  VB 
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The  integrated  payload  is  designed  to  be  contained  in  a  standard  Black 
Brant  VB  nose  fairing  as  shown  by  Figure  116.  Table  28  show's  the  individual 
auxiliary'  subsystem  weight,  volume  and  power  allocations.  This  subsection 
describes  the  recommended  characteristics  of  these  subsystems. 


5.  3.  1  '\ttitude  Control  Subsystem 

This  subsection  presents  the  probe  vehicle  attitude  control  subsystem 
requirements  and  constraints,  a  functional  description  of  the  recommended 
attitude  controller,  a  description  of  its  physical  ■'onfiguration,  a  discussion 
of  the  system  mechanization,  and  a  brief  description  of  the  inertial  sensors 
proposed  in  addition  to  the  basic  attitude  reference  system.  The  attitude 
reference  system  is  discussed  as  a  separate  item. 

Requirements  and  Constraints  --  The  launch  environment  through  w'hich  the 
allilude  control  system  must  survive  is  described  later  in  this  subsection, 
since  the  attitude  determination  system  is  more  sensitive  to  the  launch 
accelet  ...ions  and  vibrations  than  the  attitude  control  subsystem.  The  follow'- 
ing  desci'ibes  the  major  functions  of  the  attitucie  control  system. 

•  Ciintrol  system  i.s  activated  at  termination  of  boost  and 
payloati  separation. 

•  -All  three  vehicle  rates  are  nulled,  ancJ  payload  is  aligned 
to  local  veriical. 

•  Horizon  scan  mode  is  initiated.  Vehicle  i.s  maneuvered  to 
alternately  St  an  between  11  and  17  deg  of  the  horizon  in  a 
vertical  piano  ?t  rates  of  0.  6  dep/sec  and  to  maneuver  between 
scan  planes  at  a  higher  rate. 

•  Prior  to  entr-/,  all  vehicle  rates  are  nulled,  and  payload 
is  aligned  w.th  roll  axis  normal  to  tlight  path  to  minimize 
aerodvnamic  heating  and  damage. 

The  following  payload  pa  -aineters  have  been  assumed  for  purposes  of 
sizing  the  attitude  control  system: 

•  Moments  of  inertia 

=  5. 05  slug-ft^ 

1=1=  32.8slug-ft^ 

•  Payload  w'eight 

oj  =  46P  lbs 
o 
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Figure  116.  Propoied  Payload  Configuration 
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Table  2  8.  Rocket  Pavload  Size  Allocation 


Weicht  Volunie 
s)  (in. 


Power 

(w'atts) 


Kesearch  Package 
Hadiorneter  (including  electronics 
and  cooler) 


Payload  Pointing 
Two  RSGs,  3  rate  gyros 
Computer  and  Controller 
Helium  Storage,  control  and  jets 


Klectrical 

lgn»tion  Batteries  anti  Circuitry 
Power  batteries  (2) 

Power  Processing  and  control 
Wiring  Harness  and  connectors 
Programmer 


Communications 
T  ransrnitte  rs 
Transponder 
Antennas  and  cabling 


Structure 

Structure,  supports,  adapter.s 
fairings,  beat  sink,  bellows 


Recovery  Package 


lA  inch 
diam  X 
48  inch 
long 


17  inch 
diam  X 
12  inch 
long 


Total 
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•  tiot~iZD!rt  scan  ra'e 

=  0.  6  deg/  sec 

•  Between- scan  maneuver  rate 
'w  =  3  deg /sec  (max) 

•  Term»nal  spin  r  ate 

0.5  rps  (max  ) 

'I'his  IS  the  ruaxirnup'.  exp<nteu  residual  roll  rate  when 
the  zero-spin  angle  selected  lor  the  Black  Brant  VB 
fin.s. 

•  Attitude  control  lever  arms 


I  8  m. 

X 

I  Iz  30  in. 

V 

•  Brenianeuver  lirtv. t  cj. c  le  charade:  istics 

Xttiturle  fiea  lhand  ;1.0  deg 

Hate  deadband  -  ‘0.1  deg/ser 

The  propellant  used  hv  the  attitude  conlr>  I  system  has  been  dictated  to  be 
helium  gas.  since  there  is  concern  that  anv  other  gas  might  interfere  with  the 
optical  experiment.  I  ven  nitrogen  has  been  ruled  tjut,  since  the  possibil¬ 
ity  exists  that  it  could  combine  photochemically  with  free  ozone,  forming 
oxides  of  nitrogen,  which  absorb  in  regions  of  experimental  interest. 

The  attitude  control  sv.stem  for  the  radiometer  probe  flight  scries  will  be 
designed  to  meet  the  above  requirements.  Detailed  performance  specifications 
will  be  prepared  at  ^he  start  of  'he  program  to  ensure  compatibility  between  w. 
the  attitude  control  svstem  and  'he  svstem  requirements,  based  on  detailed 
performance  analvsis  and  error  analysis.  The  following  subsections  give 
some  of  the  details  of  the  a'ti'ude  control  configurations  tentatively  selected. 

Functional  Description  --  The  function  of  the  recommerded  attitude  control 
svstem  Tirr  the  raaiometer  probe  flight  series  is  to  maneuver  the  vehicle  in  a 
controlled  sequence  of  azimuth  and  elevation  excursions  at  specified  angular 
rates.  To  provide  the  capabilifx  of  maneuvering  ard  aiming  the  payload  to 
within  1  deg  of  a  preselected  pointing  attitude,  the  reconimenoed  attitude 
controller  uses: 
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•  An  attitude  i  nference  system  which  uses  two  two-degree- 
of-freedom  electrically  suspended  gyros  to  define  the  actual 
pointing  direction,  in  addition  to  providing  the  data  for 
accurate  (1  arc  min)  pwstf’ight  attitude  history  rer .)nst ruction 

•  \  cold-gas  (heliuntt  reaction  systetn  which  nianeuvers  the 
pa\.!oe,l  with  respect  to  the  attitude  reference 

c  Kate  gyros  for  damping:  control  elecir-onics;  and  telemetry 
signal  condit.'trning 

•  A  progranririer  to  provide  the  desired  in-flight  attituiie 
sequence 

Prior  to  launch,  the  attitude  refcretice  system  will  be  aligned  hy  means  of 
a  prelaunch  alignment  control  system.  This  system  optically  determines  the 
attitude  between  the  attitude  reference  -stem  coru'dinati’  frarie  and  an  earth- 
fixed  frame,  and  subsequen* Iv  loads  th«‘  appropr  iat<*  i  onstants  into  the  altifudr* 
programm»‘r  to  pr-f'vide  the  rJesired  attitude  seipxm  i 

During  the  t'oost  phase  of  dn-  fligtit.  Mie  ailiiud<  emit  i  oiler  is  riiaiiitameii 
in  a  passive  or  'noncont  rolling'  state;  tiowevcr.  tin  aliiiude  riderencc 
system  maintains  rite  rnr-rtial  ra'P-reitta'  estaldislieri  p;  ioi  to  launch. 

\fter  the  boost  phase,  Om  pavload  s<  c  iron  is  .‘-••pa i  aled  from  the  hoosU  i  . 
The  attitufie  I'ontroller-  is  actf.  a*ed  te.  a  timer  signal  and  begins  to  rate 
arrest  the  pa\loaf!  tn  each  of  the  three  axes  --  pitch,  \a\v,  and  roll.  I  he 
vehicle  i.v  tt.en  mano.ivererf  •('  an  appropriate  pi'»>scan  attitude.  The  vehi'  h* 
is  then  commanded  bv  Mie  programmer  to  scan  from  11  to  ]7  deg  of  the 
horizon  in  a  vc’rtical  plane  a*  rales  of  o.  c  deg/.ser.  Het\v<>en  scans,  Ihe  vehielo 
is  maneuvered  between  scan  planes  and  orientef]  in  elevation  at  a  higher  r  ate. 
The  details  of  tlu-  horizon  scan  rnotion  will  vary  fiu'm  flight  'o  flight,  depending 
on  the  particular  ob'ectives  of  the  flight  and  pnsrsihl%  modified  rJue  to  previous 
flight  experience  and  f xpc'riment al  resiil's.  The  programmer  and  attitude 
control  capacity  will  be  sized  on  a  basis  to  accommodate  any  forseealile 
attitude  command  profile. 

Before  atmo.spheric  entry,  all  vehicle  rates  are  nuBed,  and  the  pavload 
IS  aligned  with  the  roll  axis  norma',  to  the  velocity  vector  to  minimize  aero¬ 
dynamic  heating  and  pavload  damage. 

Table  2P  summarizes  the  expected  impulse  requirements  for  the  attitude 
control  svstem.  Worst-case  situations  have  been  assumed  to  limit  the 
maxinuim  gas  requirements. 

Assuming  an  average  specific  impulse  for  the  helium  gas  t.'  rusters  of 
140  sec,  this  means  (hat  1  lb  of  helium  must  be  stored  by  the  attitude  control 
system. 


218 


UNCLASSIFIED 


UNCLASSIREO 


Table  29.  Attitude  C'ontrol  I'otal  Impulse  Re*  ments 


.Mane'jver 

Impulse  V  s  J 
(lb-sec) 

Rate  arrest  and  initial  alignment 

65 

Bet'veen-acan  maneuvering 

21 

Horizon  scan  rate  initiation 
and  arrest  ' 

21 

Mi.scenane(ms  limdt  cycling 

iO 

Reentry  rate  arrest  and 
alignment 

f) 

Gas  re.aerve  and  ci>ntingency 
allot-ment 

17 

Total  Irnpuls*' 

-  - - - - — - 

■ 

140 

Physical  C'(>nfit;uratic)ri  --  The  attitude  control  system  recommended  for  the 
radiometer  expei  iment  probe  vehicle  draws  heavily  on  the  extensive  attitude 
control  har'flware  experieni  e  Honevwell  has  accumulated  on  the  suborbital 
-Scanner  program  and  ^he  \thena  and  Athetia  11  proprams.  These  programs 
are  all  .suborbital  probe-ivpe  fliphts  with  attitude*  control  requirements  simi¬ 
lar  to  the  current  set  of  requirements. 

The  attitude  control  rnn.'^ists  of  the  followinp  ma.ior  components: 

•  Six  7- in.  fiiar  eter  sptierical,  hiph-pre.ssure  helium  pas  reservoirs 

•  One  in-line  fiber  OO-micron  nominal  rattnp) 

•  One  pres.sure  control  regulator 

•  Six  reaction  lets  and  tube  extenders  (nominal  1-lb  thrust  jets) 

•  T'*'o  iet-arrav  manifolds 

•  Tubing  assemblies  and  fittings  for  connecting  system  components 

•  Two  pressure  transducers  (0  to  500  psia;  0  *o  5000  psia) 

•  Two  gas- fill  valves 

•  One  pressure- relief  valve 

•  Three  rate  g\ros  (sensing  pitch,  yaw,  and  roll  rates)  and  mounting 
block 

•  Control  elect rrnics  assemblv 
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•  Event  programmer 

•  System  wiring  harness 

The  placement  of  the  major  attitude  control  components  was  shown  in 
Figure  1 16. 

Inertial  Sensors  --  In  addition  to  the  basic  attitude  information  from  the  attitude 
reference  system,  the  attitude  control  system  uses  rate  information  from  three 
miniature  rate  gy  ros.  These  gyros  are  mounted  in  a  triad  block  and  sense  rates 
around  each  of  three  mutually  perjjendicular  axes  of  the  attitude  controller.  The 
outputs  of  the  roll,  pitch,  and  yaw  rate  gyros  are  used  to  control  the  probe  ve¬ 
hicle  during  the  rate-arre.st  modes  and  are  combined  with  attitude  signals  to 
provide  rate  damping  during  attitude  maneuvers. 

The  recommended  rate  g^•ro  is  a  GN'f'OD  Gnat  miniature  rate  gyro  and  is  a 
s  ngle-degree-of-freedom  spring- restrained  instrument.  This  gyro  contains 
a  synchronous  hysteresis-type  .spmmotor  rotating  at  24,000  rpm.  The  rotor 
runs  outside  the  stator  to  provide  maximum  wheel  momentum  with  minimum 
size  and  weight.  The  ds  nainicallv-balanced  rotor  runs  on  preloadcd  ball  bear¬ 
ings  to  maximize  motor  life.  The  spinn'otor  is  hermetically  sealed  in  an  inert 
'atmosphere.  The  gvro  gitnbal  is  supfiorteri  between  an  isoelaslit  ,  low-hystere¬ 
sis  torsional  spring  are!  a  miniature,  bnv-friction  jeweled  pivot.  An  infinite- 
resolution,  vnrial)le- reluctance  ptckoff  prtiviijes  an  output  signal  proportional 
to  the  input  turning  rate,  \  tnechanieal  damping  compensator,  immersed  in 
silicone  fluid,  provides  a  reasonai»le  constant  <3amping  ratio  for  extra  protec¬ 
tion  against  shock  and  viiiration.  'I'he  external  stee  l  housing  is  gold-plated  for 
corrosion  resistance  and  cffecMve  hermetic  sealing.  Figure  ll'i  is  a  cutaway 
view  of  the  Gnat,  rate  gvm. 

The  GN'^On  rate  gvro's  linear  range  is  in  deg/.sec,  and  it  can  withstand  a 
1260-deg/sec  input  Tor  2  min.  The  .scale  factor  for  this  gyro  is  110  millivolts/ 
deg/sec. 


5.. 3.  2  .Attitude  Determination  Subsystem 

This  subsection  presents  the  probe  vehicle  attitude  determination  system 
requirements  and  constraints,  a  description  of  the  candidate  svstems  con¬ 
sidered  and  the  rationale  for  the  selected  svstem,  a  detailed  technical  descrip¬ 
tion  of  the  recommended  attitude  determination  svstem,  and  a  di.scussion  of  the 
requirements  for  data  processing  and  telemetrv.  The  proposed  attitude  deter¬ 
mination  svstem  is  based  on  two  Honevwell  strapdown  electrically  suspended 
gyros  (ESG).  The  accuracy  requirements  for  the  probe  flight,  the  nature  of 
the  candidate  launch  vehicle  ride,  and  the  desirability  of  complete  freedom  in 
launch  time  and  attitude  maneuvering  combine  to  make  an  ESG  system  a  most 
attractive  candidate  for  this  type  of  probe  serie?. 
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r ai ;it :•  •  ■  'f  hf  launch  <'rivjrr>nmon1  through  which  the 
attitude  referen -e  m  i-t  sur  v*  land  in  the  case  of  the  ICSG  system 

operate  accuraN'lvt  is  'Hat  of  'he  Hr  ant  VU,  manufactured  by  Bristol 

Aerospace  I  imited,  U'inninec,  t'ana  ia.  The  Black  Bran  VB  provides  on” 
of  the  softest  rides  of  an%'  soundinc  rocket  currently  produced,  and  is  a  single- 
stage  rocke'  with  attendant  lack  of  explosive  stage  separation.  These  features 
are  among  tho  factors  -.vhich  make  an  attitude  reference  system  attractive. 

The  maximum  longitudinal  acceleration  haractcristics  of  the  booster  are 
shown  in  Figure  118.  The  maximum  amplitude  is  15  g's.  The  maximum  cross' 
axis  accelerations  expected  are  -t  2  g's.  The  maximum  shock  environment 
experienced  is  during  ignition,  when  a  70-g/sec  acceleration  rate  of  change 
is  experienced.  Fligh*  diagnostic  records  ind'cate  that  no  appreciable  shock 
inputs  occur  during  flight.  The  maximum  vibration  experienced  by  the  Black 
Brant  VB  is  .3-g  peak  (sine  wave)  2  KHz  o  40  Hz.,  and  C.  036  in.  peak  to  peak 
(sine  wmve'  40  Hz  to  17  Hz.  The  vibration  experience  in  flights  to  date  has 
been  of  quite  short  duratio’i,  occurring  in  several  burst;'  each  of  a  few’  milli¬ 
seconds. 
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The  maximum  payload  radiation  air  temperature  is  of  the  order  of  '0°C. 
Lower  values  are  easily  obtained  with  proven  standard  insulation  techniques. 
The  payload  compartments  can  be  staleit,  if  necessary,  to  maintain  sea  level 
ambient  pressure. 

The  angular  accuracies  required  from  the  attitude  reference  S' stem  are 
as  follows: 

•  Fostflight  attitude  reference  accuracy 

Foil  --  1.  0  arc  min  (Ift) 

Fitch  --  1.0  arc  mir.  (la) 

Yaw  --  1.0  arc  min  do) 

•  Feal-tinio  onboard  attitud.-  -  efercnc<  accui’acc 

Foil  -  -  1.0  deg  ( 1  o) 
iMt(  h  -  -  1.0  (ieg  do* 

\’aw  -  -  1.0  deg  do) 

These  accuracies  are  reiiuireri  only  wiien  the  radiometer  is  performing 
an  active  horizon  scan  at  angular  rates  of  3.0  deg/sec  or  lower.  The  accuracy 
requirements  can  be  reiaxe  i  .someth, a*  during  the  maneuvers  between  scans. 
The  1  -arc-min  accuracies  are  recr.iireti  only  durmg  t>ostflight  data  analysis. 
Thus,  the  raw  attitv  ‘e  ref<M'ence  da*a  i  a;i  b«‘  telemetered  to  the  ground  and 
c  mplex  onboard  calculations  at  '"  me  nccessarv. 


Wi  ie-bandwidth  real-time  attitud*-  da* a  is  not  necessarv,  since  angular 
rate  information  for  stai’ilit'  is  availai)le  fr<,n.  the  attitude  control  svstem  rate 
g'vros.  Time  constants  or  lags  of  up  to  0.  2  sei  tan  be  tolerated  in  the  real¬ 
time  attitude  data. 

With  the  FSTi  svstem,  the  errors  in  the  p*  elaunch  alignment  combined 
with  the  errors  incurred  during  the  boost  phase  anti  the  zern-g  experiment 
phase  must  be  small  enough  to  meet  the  1 -arc-min  requirement.  Errors  in 
boresighting  the  E.SG  svstem  to  the  radiometer  optics  are  a  part  of  this  1- 
arc-min  allocation.  If  an  attitude  reference  system  which  is  based  on  celestial 
sensors  is  used,  then  the  capability  exists  for  reducing  errors  and  attaining 
the  required  performance  after  thrust  termination. 

The  attitude  reference  sv'Jtim'.  for  the  radiometer  probe  flight  series  will  be 
designed  to  meet  the  above  requirement. s,  Dotaileci  performance  specifica¬ 
tions  will  be  prepared  to  en.sure  compatibility  between  the  attitude  reference 
system  and  the  svstem  requiremen'  i,  based  on  detailed  performance  analvsi.s 
and  error  analysis. 
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Candidates  and  Selected  Sysiem  --  Several  alternate  apjjroaches  to  attitude 
determination  were  considereTT for  the  ra<tiometer  probe  experiment  series. 

The  nature  and  timing  of  the  probe  series  places  a  somewhat  different  weight¬ 
ing  on  the  decision  factors  than  would  normally  be  the  case  for  an  operational 
satellite  tracking  svstent.  The  benign  environment  of  an  operational  orbital 
vehicle  and  the  extended  periods  for  stellar  acquisition  and  zero-g  drift-trim¬ 
ming  make  a  stellar-inertial  svstem  like  the  Monevwell/ LMSC  SPARS  (Space 
Precision  Attitude  Reference  Svstem)  an  ideal  candidate  for  this  job.  However, 
for  the  probe  experiment  attitude  reference  the  requirement  is  medium  accu¬ 
racy  attitude  reference  for  short  flight  times  with  the  emphasis  on  operational 
fleixbility,  night,  day,  or  twilight  operation,  and  elimination  of  vehicle  pointing 
or  scan  constraints  for  attitude  reference  purposes. 

A  number  of  alternate  existing  attitude  reference  systems  have  been 
examined  for  ptissible  application  to  tlie  radiometer  probe  experiment  series. 
These  candidates  include  the  Honeywell/ LMSC  SIZARS  system  and  derivatives, 
the  Aerobee  Mark  II  ?.ttitude  control  system,  the  LMSC  Sl^ARCS  system,  vari¬ 
ous  photomultiplier  tube  star  mapper  systems,  various  star  tracker  systems, 
and  a  svstem  based  on  the  electrically  suspended  gyro  (I'SCi). 

The  ele(  tricullv  suspended  gyro  lias  tieeii  examined  in  the  past  for  other 
rocket  prolie  programs  and  has  )>een  ruU'ii  out  liecau.se  of  severe  launch  vehicle 
environments,  including  iiigh  acceleration  and  explosivi'  stage  separation  shocks 
in  multistagi'  t'oostei  s.  I  he  Hlac  k  Hr  ant  VH,  which  is  the  candidate  launch 
vehicle  for  thi.s  flight  serie.:,  has  tlie  soft  ride  characteristics  which  make  the 
KSCi  -sv-stern  attractive  fer  tlie  fir.st  tina-  in  a  prcdie  program.  .An  attitude  ref¬ 
erence  and  control  svstem  tua.sed  on  the  I'SC,  appt'ars  to  have  such  a  decisive 
advantage  over  other  candidates  tliat  it  is  the*  rerommtmded  approach  for  this 
program.  Tlie  following  .sutisect ions  describe’  m  detail  the  details  and  features 
of  the  KSCi  attitude  referenc*'  s'.  stenn. 

K.S(i  Attitude  fte’erminatiori  Svs'em  Description  --  The  (iata  processing  svstem 
accept.s  pulse  signals  generaten  b\  the  ’it-G  optical  pie  kc'ffs,  and  telemetry 
signals  from  a  gr  >un'i-based  computer.  These  are  eonverteel  tei  usable  form 
and  used  to  profluce  attitude  con’red  signals  and  output  eJata.  The  control  signals 
peisitiem  'he  vetiicle  .suedi  'hat  the  radion  eter  is  in  proper  relationship  to  the 
local  ver'ieal.  rclemelered  nutpu*  includes  pickoff  irjentified  direction  cosine 
and  raeiieimeter  signals.  \  fvpical  installation  e)f  'he  LSr,  svstem  is  shown  in 
t'igiji-e  119  Figure  120  delineates  signals  which  are  producce)  by  the  inter¬ 
vening  hardware.  The  processor  block  diagram,  f  igure  121,  shows  a  more 
hardware-orienteii  picture  of  'he  svstem.  .Assemblies  which  must  he  used  to 
produce  the  proper  signals  are  shown. 

The  .svstem  accepts  signals  from  the  ImG  optical  pickoffs  and  from  the 
telemetrv  receiver.  The  gvrn  rotor  is  fre  spinning  and  car.-ics  a  pattern 
which  contrasts  in  reflectance  with  the  rest  of  the  rotor  surface.  The  pat¬ 
tern  is  a  series  of  lines,  each  of  which  is  senseci  bv  a  microscope-tvpe 
optical  pickoff  when  if  crosses  the  pickoff  field  of  view.  The  pattern  on  the 
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rcjtDf  iH  :ur'::u::i  b-,  a  !;.a3k  .vhieh  i.s  ■  ar  c-rul!.  !o  i-iitouf  llu-  liiU'S  siii  h 

thtii  'ho  tirno  <!i*:oi ‘•ni.cs  :  o ' 'a' i- 1- n  is  a  :i  t  asiii'o  of  !  ho  oosiiio  of 

tho  ant>lo  fjo' w*.-o.'i  ’h‘,‘  spin  axis  ann  poi.  f.  'l:  a\!^ 

'fho  piorvwff  i.'i <n'.a in s  ijpl;>  n,  a  -51  aiio,  a  fti.-nso!  jiiuslii  diotio  and 

anipli f lor' .  I  fo-  i;.. nil!'' or-  luij.  il  ii  -»  ;  alst'  Ai'h  It  \  ol  o!  st  \  t‘i  al  siilfi- 

oiont  'o  dfivf  irnni’s  .vhi  b  lolb  a 

\  sitirial  p  ff  It- ••  s  S!  If  uttfj'T  ‘.‘ii't  j  ;>  i!  j  .ilx  ir'ani  atui  pfi 'dut'i's  Iri'fi  ii 
two  ivfjos  o!'  I'lfput.  tho  Mrs’  is  a  :  ti  n.oni  1  t  - 1  oil!  ft  lloii  siaM  anti  slop 

Uat irif,  vol*  it'<  - s .  I  h-'  s*-  0  ••  !•■  .«■  I  - 1  ■  pa'  .1  1*  .-a  i lb  .1  ’ip  li-  sitooii  t  ounlor  and 

1. 1 mf  a i n  1 11  fo t  ri ;.i’ 1 1 iii  !  i  < o r  ■  ‘ii ■  ■ ! < •  s i  r  !  na "  1  <  ■  ■  r  r  i ■; i ■ :  1 1  ■t  i >1  n 1 1 1 >i  1  s  vo hi  1  h  will 
bo  a V o f ai^or !  ’ < )  :*o ' i r.i  »•  i  -  ■  r ■  r  in  ’  b»  r  a i  ’  •  *'1  ■  j  ;  11 1 ■  i u ■  t  1  ho  s o t ■  t iiid  t >iit  put  is 

an  1  do  riM ' '  a^j  w  h  1  >  ti  i  do  ij’  1 ;  o  -  h  r  b  *■  pi  i  s  ' "  a  ' ,  n  b  'a  .1  '  u  -ti  i  !  1  >  ol  lam  ‘ho  data. 

I  hts  ifili)  '[nation  is  noo  Jo  j  sn  "'n.i*  ibo  1*  ’<  ;•  !i  <  axis  max  !'<  pi'opoflx'  uionti' 

fioii  in  tho  sutisotj'.ion'  o.  [npii'  I’l  iis 
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'  a  *  <'i . 
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correc'ol,  and  iliipr’e’ 

'  i  0  >  ■,  s  i  t<  :  ■  a  pr 
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sent'od  n  )  pro'cions  ^  p* 
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Is  ar  0  ''v-  decirod 

angle  of  'no  [-a  ii  inieim'  rt  laM  .o  '  »  n-.  1<  x  •  r 

• ; 

al  aiv' 

iho  propiu  relation- 

ship  botwee'i  gx  I'f  spin  axes  an  '  •.  '  tnrlo  ■.  oi  *’. 

.1 

at  ‘ha* 

tin  '  .  Tho  latter 

signal  is  use  !  to  •'rt-ec? 

the  dire.  *;  n  cos; tv  s 

an 

d  prod 

uco  tlie  jmf)f)or  refer 

ont  o  franio  nianinnlati'.  ns  A-hirh  'aiH  ros-jp  in  thr-  prosont  vohiclo  a\i.s  anclr-s 
rolativo  !(>  .1  lo.  al  %r:-'it.  al  ooor  iifia*'  f-a-  f  'I  ho  to  pros-'nt  aiiploH  am  rom- 
paroti  tp  ‘ho  (fiM'-nrr'  fiosirod  r  a  iiorr,  *o‘  anplf  =  ia‘ivt  to  ‘ho  sanio  framo 
of  roforonoo,  rrrnir  is  nm.ducod  whon  'hr  vohitlo  i.=  |■iisplafOf]  ‘rfim  'ho  tio- 
sifod  p.'isi*iiin 

Thoso  offor  Signals  irius*  bo  .sr...  ’hod  ’•  ‘on'iovr  *ho  offf‘;!,s  of  bat)  data 
protliu'od  In  noise  pnlso.s  sr  from  othrr  i=onrcos  This  .smoothod  error  indi¬ 
cation  i-s  intvit  f.  a  'iici'al  '  anab  c  ronvor'or  which  rrodurog  lovols  pi'oprm- 
fional  ‘o  [‘no  nntnbrr  appoarine  from  *ho  rnniparator,  Thosr  lovel.s  dofino 
the  thruster  offt  >•;  which  m,u.«*  be  apj>liob  n'ani-  ;he  ‘hroe  ■>'ehicle  axe.s  to  effec 
control  of  ‘he  radiomo’er  a*ti*ude. 

l-'roces.sor  Hardware  --  The  procosr.or  Mr>rk  diagram  (l  igure  I  2  I)  define.c,  a' 
an  asseniblv  level,  the  kex  itenns  of  ’he  sx  .stem. 
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Three  gyro  pickoffs  each  produce  a  pulse  train  when  they  are  viewing  a 
part  of  the  pattern.  Analog  detectors  are  used  to  produce  voltage  levels  from 
each  pickoff  output  line.  The  relative  magnitude  of  these  levels  is  used  to 
choose  the  best  two  of  three  pickoffs.  Gating  and  shaping  networks  controlled 
by  this  comparator  are  usen  to  transmit  tne  chosen  pickoff  signals  to  counter 
gating  logic.  Comparator'  outputs  are  also  used  to  produce  a  ct^de  signal  which 
identifies  the  pickoff  being  used  for  a  particular  data  point. 

A  IO-.\!Hz  .  locK  is  used  as  the  basic  ssstem  operating  timer.  Countdown 
circuits  produce  <he  '.arious  sequences  c>f  control  signal  needed  by  the  entire 
processor.  Pulses  from  the  clock  are  gated  tci  counter-accumulator  by  the 
pickoff  signal  to  produce  numbers  propcu'tional  to  the  pattern  lime  differences. 

'[‘he  system  sequencc-s  pr'oduces  a  six-woiui  p'allet'n  for  I'eadout  and  arith¬ 
metic  control.  Three  i/f  A.e  a  oro's  ar  e  long,  deterrnineii  by  maximum  time 
needed  for  the  desire  i  nu.mtjer  of  roto;  ;e\cilutions  to  ot  i  ur.  Three  other 
words  are  short,  dele r-rrs le.ed  :  the  tim.e  needed  ti>  transfer  and  manipulate 
the  data  in  the  ar it.ti.meti t  section  I Wii  sets  oi  data  are  nec'ded  for  each  ptoinl, 
a  long  Count  (enMfe  rotor  revolution*  and  a  short  ci)unl  (from  reference  to 
timing  mark),  ’Idie  signals  mas  1  e  d»'signate(i  A  and  11  (pickoff)  and  1  and  2 
(gs'roi  and  I  and  s  flung  and  short  r  Tsci-  coiinti  rc  are  u.sed,  and  the  word 
control  gating  fidlows  '.  able  10. 

Other  se()uenc‘'s  .irt-  also  generated  as  neecie;)  ’<•  serialize  output  data  and 
cordrol  'he  arithme'ii  and  menu  i  c  e;s*ratittns.  Thesi*  .sequence.s  are  gener¬ 
ated  under  '.vor  l-level  comrr.an  i. 

\l  t)ie  ervi  of  each  ccun’ing  v.  <1*.  ‘tie  numbers  generated  air  gated  into 
a  set  (if  four  'niffers  (wonis  2,  -5,  '■  r  Mn'fer  3  .and  2  are  used  to  hold  th«- 
short  -  count  'lata,  .1  and  4  hedd  Imig-  ‘mint  data.  \\  word  .I,  the  information 
from  nun'tier  one  gvro  ;s  ;  to  ciir'putf  ‘},<  direction  cnsincK  for  that  gvro 
vixis  relative  'o  'h"  pickcd'f  frame  These  cosine  signals  are  uncorrected  for 
pickoff-to-ratiiome’er  alter, merd  angles  T-u'  <i?  »  sufficientlv  accurate  for  guid¬ 
ance  control.  \*  ‘he  beginning  "f  w,  r  ''-  3,  .-jnd  1,  the  counter  output  from 
the  previous  cvcle  ga'ed  ‘o  'he  m.'jltifdex  uni?  where  it  j.s  processed  for 
transm iss ion  hack  to  the  ‘racking  st.ation. 


'A  'fti  gating  brings  the  desirer;  count 
cc''mp'Tation  >f  direction  cosines.  The  ar 
stor  age  unit  where  it  is  held  prior  tc>  com 


r  r  signal.s  to  the  arithmetic  unit  for 
•ithrne'ir  output  i.s  gated  into  a  buffer- 
ipu'atinri  r  f  ‘he  vehicle  control  signals. 


\t  tl'.is  time,  f)ie  proper  ver'ical  ir.f''rma‘ion  dependeni  on  gvro  1  output 
is  placed  in  the  ‘ek  meter  buffers,  Gne  word  later  the  gvro  2  fippendenl  ver¬ 
tical  reference  signals  are  transmitfed  and  stored.  The  programmer  com¬ 
putes  the  desired  location  signals,  At  this  point  all  the  information  necessary 
for  computation  of  attitude  control  signals  is  available. 
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For  this  computation,  the  pickoff  identity  code  is  used  to  define  the  proper 
transform  matrix  and  computation  algorithmi  to  be  used.  This  is  taken  from 
the  program  niemory  unit  and  is  used  in  the  matrix  computation  unit  with  the 
previously  computeti  cosines  and  the  local  vertical  reference  signals  to  do  the 
reference  trarne  rnanifxilatiotis  needed  to  define  vehicle  axis  angles  relative  to 
vertical  at  the  vehicle.  These  angles  are  compared  to  the  desired  angles  from 
the  telemeter  buffers.  I'he  difference  signals  fj’om  the  comparator  are  pro¬ 
portional  to  roll,  pitch  an.i  %av.'  ez'ror  angles. 

I  hese  numficrs  rr.us*  bt-  c'lriditioned  to  eliminate  the  effec  ts  of  missing  or 
bad  data  points.  The  condiiio.ne:  cxirmpares  present  data  to  previous  data  and 
deletes  points  which  diiter  b\  mot  e  thati  a  sc't  amount.  Tiic  .imiis  are  precal¬ 
culated  to  allow  micrgm  trom  noj’mal  vehich'  t  ates. 

I  he  digt^al-fu-anal(jg  corn,  cn  ss  .n  ccMUejits  thi‘  piti  li- roll-yaw  error  num- 
Itcrs  aiid  prcjdut'os  a  iil?*.‘-e.!  level  output  which  is  nsc'd  to  c onlrol  the  vehicle 
thrusters. 

■VtJitude  Delerm.ination  Kfror  Xnals  sis  --  I  he  two  1  SCls  will  be  "hard  mounted" 
to  the  racitorneter  package,  and  the  r  adiometer  package  will  have*  reference 
surtaen.s  tor  aligrirr  ejjr  pm  pc  .s«'s.  i'rior  ni  flight,  with  lh«>  !l.S(,'s  oiieraling, 
the  alignrnerit  .d  'he  ru dii»me'er-  ;.(ckag<  witli  icsfx'ci  to  some'  known  coorejj- 
nate  Hvsteni  will  t)*'  de'.Tmtrn  1. 

At  anv  time  after  'he  irrtial  alignment,  the  outputs  of  the  KSGs  mav  be 
used  to  indicate  the  onentatn  n  ■  ■  th,«  radiometer  packag’e  with  rcspecl  to  the 
Known  mordinate  sv.^i'er"..  I  rmrs  in  this  nrii<  ated  attilucie  may  be  concep- 
tnallv  ilivided  int(>  the  tollowing  i  ' 'mpor'.eritF: 

•  fni‘ial  alicnt'enp 

•  Shifts  in  the  alignments  ’-e'wern  ‘he  and  the  radiomeder 

package  afb'r  'he  initial  alignment 

•  1  SCf  drit*  ert'cirs  at'er  'he  ir.i'ial  aljg'nrti*  <it 

•  PlSfl  rearioid  errors 

Anv  correlations  among  'hese  r-rnr  eomponents  are  so  verv  small  that 
thev  mav  be  neglected.  The  \arianc<'  u  the  r^tal  error  is  thus  related  to  the 
compcTnen*  variances  bv  the  usual  ’  ss  formula 


where 


T  -  total 

I.\  -  initial  alignment 
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\S  -  alignment  shifts 

GO  -  gyro  drift 

RG  -  '^yro  readout 

For  tne  high- accurac> ,  pustflight  analysis  requirement  of  1  arc  min,  lo, 
each  of  three  axes,  a  prelirriiuar  v  error  budget  has  been  established 


0,  4  arc  mm 
0.4  aic  r!.!!! 
0.  0  ar  c  ir.in 
0.  7  art  fniri 
1  ari-  r-.m 


'I  hes*-  nuf'.ilre r' s  r  epi  e.-j*  rr.  lo  e:’r(>rs  pra-sent  in  i  ach  data  point,  and  data 
points  v/sll  corn.'  i.t  ^  f.-tp  t'f  .i^'out  211  per-  set,.  At  t!ie  tnaxitnuin  expected 
cehiclf  r-atf  of  "  d'-g  sec,  tJ\-  '.<'h!ci«  will  nn  ve  U  s.s  than  !1  min  per  data 
point,  in  I  nearlv  rot-quf-fro  •-  cnv tr  c  tin.ent .  Data  smoolhing  should  be  able  to 
reduce  rh  b  portion  ;  ‘  f  e.'-rs'r  above  <iue  to  l  eaiiout  errors,  which  are  largely 
uncorrel  t’e  i.  fKjirP  o,  poitp,  \  smi’r'thed  attitude  estimate  should  then  lie  in 
error  (jc  .onI\  0.  7  .'v  art  *:  m,  jet,  <  acti  of  thrt'e  axes. 


Another'  ps.int  '■  ctinsi  it-r 
to  'he  anutunt  of  drift  acc\:rnul 
rnissit !!,  'his  figure  will  i  <■ 
initial  ilitriment  erro’-  and 


•  IS  that  the  gyro  drift  figure  aliove  corresponds 
latetf  ttv  the  end  of  lh<’  mission.  Farly  in  the 
Miiiceii  *)\  at, out  2h  Amounts  budgeted  for 
'  iall  t  for  alignment  shift  error  are  genei'ous. 


Initial  Migtimrrr  -  \  dcail*  !  ir.itial  alignment  procedure  has  not  been 

workeo  ouF  T’rTTTfTar.  ac  urarv  .ctandiKunl,  however,  there  .are  several  optical 
methods  available  -Ai'h  acura  ’.es  we]]  within  the  0.  <?- at  e -min  per  axis  do) 
amount  bu  ige'er!  f..**  initial  alignment  error.  The  t  ritical  feature  of  initial 
.ilignmen.'  i.^  in  (di'aitiing  'he  alignment  within  a  shrml  lime  prior  to  launch, 

Gvro  drift  accumulates  fron,  ‘he  time  of  initial  alignment  to  the  end  of  the 
miiision,  .•‘m  it  is  in  portant  to  -ceep  this  time  as  small  as  is  reasonaV/le.  Cur - 
ren'lv,  os'intates  of  gvro  drift  have  been  made  assuming  initial  alignment 
wi'hin  ten  minutes  of  launch  tir  e,  ft  is  likelv  that  this  time  could  be  increased, 
if  '  h.at  is  required  hv  launch  constraints,  with  a  somewhat  more  careful  initial 
gvro  .startup  procedure,  anu  p»  rhap*;  a  rrio^'e  complex  gyro  drift  prediction 
procedure. 

Alignmen*  ‘'hift"  --  The  detailed  design  of  'he  eonnertion  between  the  IlSG 
paekage  a^d  *he  raTiorr.eter  package  is  not  complete  at  this  iime,  therefore, 
exact  alignment  chift^  betw^’on  the  two  package.s  are  hard  to  estimate.  The 
amount  (0.4  arc  min,  each  a.xis,  la)  budgeted  for  alignment  shifts,  howeyer, 
is  verv  large  for  anv  reasonable  rr.echaniral  connection. 
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F\SG  Drift  Kri‘nrs  --  L'nprcOictable  changes  in  the  erientaiion  of  the  ESG 
spin  axes  in  inertial  space  between  the  time  of  initial  alignment  and  the  time 
of  readout  will  cause  ei n  .  s  in  the  indicated  radiometer  orientation.  Motion 
of  the  ESG  spin  axes  in  inertial  space  is  termed  raw  gyro  drift,  and  the  un¬ 
predictable  part  of  this  inotion  is  termed  compensated  gy  ro  drift.  There  are 
three  leveis  of  possible  cojnpensatioii : 

“*l 

•  No  Compensation  -  The  simplest  way  to  use  the  ESGs  is  to 
assume  that  thev  are  stable  in  inertial  space.  Tliis  is  also 
the  least  accurate  way  to  use  the  gvros,  but  it  is  adequate 
for  some  aspects  of  the  present  mission. 

•  Mass  Unbalance  Compensation  -  Part  of  the  raw  gyro  dr  ift 
nriav  be  attributed  to  gyro  mass  uidralame.  C  ompensating 
for  this  portKin  of  the  taw  d.  ift  requires  onl\  knowledge  of 
the  orientations  of  the  gvro  spin  axes  witii  rcspet  i  to  the  non- 
gravitational  acc  eleratiim tiu  evro.s.  I- os-  compensation 
[lurposes  it  would  be  adequate  to  consider  that  llie  g>ro  spin 
axes  were  fixed  in  inertial  space  and  that  the  nongravitational 
accelerations  of  the  gvrus  wc're  tr.ose  rurrcsponding  to  a  nom¬ 
inal  flig  '  profile,  in  fact,  the  entire  drift  compen£'’tion  pro¬ 
cedure  \vt  vild  reijuire  onl\  the  initial  alignment  information  a.s 
i.iput  data. 

•  Electric  rorciue  ('oir.pt.‘iisation  -  After  mass  unbalance  compen- 
sati.oi,  a  large  ^  art  of  the  remaining  gvro  drift  may  be  ascribed 
to  tcrqu“.s  ■>;i  the  gvro  rotors  due  to  the  rlc-rtric  .suspension 
forces  wiiiclt  stippo:-t  them.  C  funprnsating  for  electric  torque 
drift  re(|uires  knowledge  cd  the  nrientatii'n.s  n,'  the  g'  ro  spin  axe.s 
to  the  gvro  ca.‘«e.s  on  a  necr  continuvni.s  basis.  This  information 
will,  of  course,  bo  available  -  it  is  pist  the  gvro  readout  infor¬ 
mation  -  but  it  mav  not  be  availai.de  on  a  continuous  basis.  Even 
if  continuous  infoi  mation  were  available,  electric  torque  drift 
compensation  is  fairb.  complex,  requiring  much  g\  ro  laboratory 
ce.st  data  and  a  large  computer  pr.ogram. 

The  simplest  (lowest  numbered'  of  the  above  schemes  which  results  in  an 
adequatelv  lo.v  value  for  compensated  gvro  drift  should  he  chosen.  The  ESGs 
proposed  for  this  mission  will  have  raw  drift  rates  less  than  about  0,  1  deg/hr 
(except  during  the  short-duration  launch  which  will  produce  .vbout  as  »“iuch 
raw  drift  in  30  sec  as  would  be  prcxiuced  in  5  min  on  the  ground.  Thus, 
for  the  low-accuracv  (I-deg',  real-tirre  interface  with  the  onboard  attitude 
control  system,  no  drift  corn  p*’ ns  at  ion  need  be  done,  provided  that  the  time 
duration  between  initial  alignment  and  launch  is  less  ,Jian  a  few  hours. 

High  -accuracy  (J  arc  mini  postflight  data  analysis  will  require  some  drift 
compenaation.  If  i^^.itial  alignment  were  obtained  onlv  10  min  prior  to  launch, 
raw  gyro  drift  would  be  about  3  arc  min  at  the  end  of  the  l.o-min  flight. 
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After  mass  unbalance  compensation,  the  KSGs  proposed  for  this  mission 
will  have  compensated  drift  rales  less  than  0.03  deg/hr.  Assuming  initial 
alignment  10  min  before  launch,  the  gyros  would  be  expected  to  drift  an  un¬ 
predictable  0.  9  min  by  the  end  of  the  is-min  flight.  This  is  too  large  a  num¬ 
ber  to  be  acceptable.  There  are  two  ways  to  reduce  the  unpredictable  drift. 
The  obvious  way  is  to  compensate  for  electric  torque  drifts.  This  would 
lower  the  compenstted  drift  rate  to  less  than  0.  01  deg/hr,  or  0.  3  arc  min  by 
flight's  end,  an  acceptable  result,  but  at  a  high  cost  in  terms  of  complexity. 
The  other  way  to  reduce  the  compensated  drift  rate  is  to  pick  the  initial 
orientations  of  the  KSC  spin  axes  within  their  cases  so  that  electric  torques 
are  small.  As  was  mentioned  earlier,  electric  ’orques  are  dependent  on  the 
orientation  of  the  spin  vectof  .  the  case.  Not  mentioned  earlier,  however, 
wa.s  the  fact  that  some  orientations  of  ihe  .spin  vector  in  the  case  produce 
extremely  low  values  u  electric  torque.  Since  the  time  between  initial  align¬ 
ment  and  launch  is  assume  l  to  be  .siiori,  tb.e  orientation  of  the  .spin  axes  in  the 
case  will  be  r  easonai)! v  constant  during  that  periotj.  l*ii  king  an  orientation 
where  electric  torque  ts  low  will  r etiuce  comjHmsated  jrvro  drift  prior  to 
launch.  After  laur'.cii,  al;.ht»ug.h  it  has  not  vet  txMm  included  in  the  computa¬ 
tions,  the  low  specific  force  cm  the  gvro  eases  will  h‘ad  to  .'-'mailer  drift  rates 
than  previouslv  indicated.  .A  conihination  of  mass  unbalance*  compensation, 
proper  initial  ‘t  ientatioti  of  the  gvro  spin  vc'ctors,  and  a  short  time  between 
initial  alignment  and  launch  shoubi  keep  c  c>mp«*nsated  gyro  drift  to  less  than 
0  5  min  (each  axis,  lot  at  'h.e  end  (>f  the  flight. 


KSG  [(eadout  tdTcu'S  --  i'ach  i  ''G  has  three  optical  pickoff.s  mounted  on 
it.s  case  which  view  the  rotor  surface,  f.ines  inscrilx'd  on  the  rotor  surface 
arc  sensed  bv  the  pickoff.s  as  tlte  lines  on  the  spinning  rotor  pa.ss  through  the 
picknff  fiel  !  of  view.  The  pickoff  outp'its  are  tjsrd  to  turn  on  and  off  counters 
which,  when  on,  count  some  high  <10  to  100  MH?'  .stable  clock  signal.  The 
counters,  then,  time  the  transit  bofwei'n  Ime.s  on  the  rotor  .surface. 


In  eurren*  practice,  'he  r  atio  of  the  time  of  transit  between  two  lines  on 
the  rot  r  surface  o  the  time  of  a  com.plete  rotor  revolution  (the  transit  time 
of  one  line)  is  non*.inailv  equal  to  the  costne  of  the  angle  between  the  pickoff 
axis  and  the  rotor  .spin  axi.s.  Two  such  angles  arc  needed  to  determine  the 
rotor  .spin  axis,  so  two  pickoffs  are  needed  for  a  single  readout.  Two  pickoffs 
are  inadequate,  however,  for  ali-attitude  operation,  as  the  sensitivity  to 
error  in  a  measurement  of  the  cosine  of  an  angle  become.?  unacceptably  high 
as  the  angle  goes  to  7ero.  Three  ;  ickoff.s,  properly  placed,  ensure  that  two 
accurate  outputs  are  alwavs  avails  'e. 

.A  counter  rate  .  f  10  MHz  will  l  r'  adeauafe  for  this  mission.  A  700- rps 
rotor  spin  rate,  cnuplcf!  with  a  It^-MH?  counter,  vields  the  fact  that  a  one- 
count  counter  error  c<n'res^'>ond.c  to 


(I  count) 


rev 

sec 


rev 


IfiO 

1 


min 

deg 


UO 


] .  .5  arc  min 
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which  is  higher  than  the  allowable  error.  Averai^ing  over  10  revolutions  for 
each  readout  will  reduce  this  error  by  a  factor  of  ^  10  to  about  0.  5  arc  min. 

While  each  of  the  twu  KSGs  must  .  ive  three  optical  pickoffs,  making  a 
total  of  six  pickoffs;  and,  while  each  pickoff  must  be  able  to  provide  two  out¬ 
puts  -  the  time  of  transit  between  the  two  lines  on  the  rotor,  and  the  time  for 
an  entire  rotor  revolution  -  onlv  two  counters  are  necessarN .  The  two  count¬ 
ers  are  used  sequentiallv  to  provide  all  the  necessary  output  information. 

First  the  two  counters  are  u.sed  to  measure  the  average  transit  time,  over  10 
rotor  revolutions,  betwtren  the  two  lines  on  g\ro  1  rotor  for  the  two  appro¬ 
priate  pickoffs  as  selected  i'v  onboard  logic.  Then  the  same  measurement  is 
made  on  gyro  2.  In  a  third  .measurement  c\(le,  one  counter  is  used  for  each 
gyro  to  measure  tr.e  a\erage  ti.nu-s  (over  10  revolutions)  of  complete  rotor 
revolutions  for  the  two  units.  1  he  total  time  for  a  readout  is  then  (.3/70)  sec, 

•SO  about  23  data  poinl.s/ st-c  will  tie  prtidui't'O 

\  maximum  vehtclv  angulai-  rato  of  3  iteg/sei  t.s  lumivalent  to  2.  37  arc 
min  prr  10  rotoi  revolutions.  However,  :!.«•  a\ei  aging  ocedurc  w  ill  produce 
an  output  cor  re ponding  to  the  att!tu<ie  <  f  the  veliii  le  at  the  midpoint  of  the 
averaging  cycle  if  the  veiiu  le  angular  r  ates  ar  e  i  oirst.-^nt .  Degradation  of 
readout  (at  low  angular  .*  .rres)  is  not  a  fuiu  tion  of  the  angular  rate  itself,  but 
of  the  angiil.ar  act  eU-r.iDon.  \s  tjie  ve!»irle  is  jn  a  near  ly  torque-free  environ¬ 
ment  when  acttirao*  re.idout  is  required,  vehn  le  dvramic.s  should  not  signifi¬ 
cantly  degrade  the  readout  process.  In  fatt,  it  is  tl.en  constancy  of  ar.gular 
rates  w'hich  allows  the  ttiree  counters  to  hr  shared  between  the  two  gyros. 

F]ven  though  both  gv  ros  c.annnt  tie  read  out  simultancou.slv  with  this  scheme, 
post  flight  flata  filtering  w  ill  allow  nonsirnult,an«u)US  measurements  to  he  com¬ 
bined. 

Itesidf's  one-(^,t',n*  err  rs,  there  ar«  se\eral  other  .sources  of  error  in 
the  ’'•e«adout,  tn  iepen  jer."  i  f  the  .>r.e-coun’  ern  rs,  if  atioul  0.3  arc  min.  3'hese 
come  from  line  placement  errors,  'riggering  r Tors,  and  the  like.  Combined 
with  the  oiie-cour.t  errors,  fashion,  this  make.s  a  total  of  0.  58  arc  min. 
f  eaving  a  generous  ilb wance  f  f).  !  arc  min  for  dvnamif  effects  and  for 
effects  of  nonsinviUaneous  measurerrients  still  vield'^  an  rss  total  readout 
error  of  0.  7  arc  min,  each  axi.s,  la. 

Data  Ha»es  --  Ten  rotor  revnluDons  make  1^70  gee.  After  each  10  rev- 
oliitions,  *wo  numbers  must  be  transmitted,  each  po.ssiblv  as  large  as  the 
number  of  cyrle^s  -n  1/70  sec  cf  10  MH7.  T'quivalentlv,  two  numbers  must 
be  tran.smitted,  each  of  14  bits,  70  times  per  sec,  '’or  a  total  data  rate  of 
1  hhO  bit.s/sec.  A'Idit  ionalD ,  srime  qualitv  hits,  tag  Viit.s,  and  some  redundant 
information  will  be  sent,  wi'h  the  total  data  rate-  remaining  below  2.  8  K  bits/ 
sec . 

Postflight  Data  Processing  --  The  recommciided  postflight  signal  processing 
is  show.’  in  Figure  122.  The  firs*  step  in  ground  data  proce.ssing  is  to  obtain 
the  relationship  of  the  1  sptn  vectors  vvith  respect  to  the  radiometer  package 
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as  functi'  ns  of  time.  This  involves  nianij>jlating  the  telemetered  counter  data, 
using  a  laboratory  readout  calibi  atien  uf  the  I  SGs,  and  the  laboratory  measured 
criefjtation  of  the  KSG  cases  with  respect  to  the  radiometer.  Since  only  two 
counters  are  used  on  a  shared  La.sis  to  provide  the  six  outputs  necessary  to 
read  out  two  l.SGs,  the  six  outputs  aie  nut  otjtained  simultaneous^ .  They  must 
be  adjusted,  or  smoothed,  oi  interptdated,  to  come  up  with  six  tiutputs  corre¬ 
sponding  to  the  sa.mf-  time.  This  {irocess  may  itivoUe  some  knowledge  of  the 
instrument  package  dynamics,  w.hic.h  are  expei  ted  to  be  simple, 

A  parallel  set  of  ground  cu:r.puiatto!is,  us.ng  data  taken  tinly  during,  the 
initial  alignment  peritKl,  pretiic^s  tlie  o;  ien’,atK>ns  of  it^e  spin  vectors  in 

earth  coordinates.  '1  he  initial  •,  i«lue  <d  there  ttrietitatioms  is  (ieterinined  bv 
the  initial  alignmetit  prm  eCure  I'r,'  .ictum  f  v  tianges  aftei-  the  inilial  align¬ 
ment  involves  u  simjile  ea:  'h's  ertatitdi  v  1  t;  putitti*  11,  plus  a  g\ ri>  drift  compu¬ 
tation  which  IS  based  till  a  lahoratr'"'.  aid  i  utit  ti  t  t  g\  ft'  drift,  t.oine  knovvl- 
edge  of  the  ntiminal  vehicb-  flight  j  .i'i.  r;ia\  al‘>i  l«  ti*  i  «»>sisr\ . 

(urnhuimg  ^hr-  i  s(i'h  -'a  Iii>r>  et*  ■  i  t  le:.t.»t  Ion  with  tlie  I'SG- to-i<arth 
or.eritatiofi  yields  ‘he  lest.-  eo  .  a  i'-.i;-  .  t  -t  .ol.'i  orientation. 

f«yro  l‘acK  age  (>p<M'.iting  l*r>  <-e  i  ires^  •  -  1  i\<-  iin  Jef'  of  <  t'eralion  an*  dcM’riljed 
for  the  Hbfi  attitude  r«  mrerno-  {>»»  k.ige- 

•  storage 

•  starO'ip 

•  ( ipfT.i'io:’  pri  !'  ‘o  la  in*  h 

•  I  aunt  h  an  i  expe-  or  n’ • 

•  rhist-f upe-ir-.ejo  i-'  !  in  iifj. 

Storage  --  The  gv  r  >  pa  kage  s'  ail  !  e  .in  r  ;‘r  !  'i  a  g\  ro  vacuum  main- 
tcnaiice  unit  and  its  soii.'’te  >•  p.  A*  r  ‘'iring  gei,e>,',j  period  c)f  storage. 

The  vacuum  maiire'i  inve  in)*  ■r-'.-on.-i  ^  .  .ifaur  r.  adi  ijt  gauge  and  the  jiower 
tnipplie.s  which  'pe?-  i»e  iSe  r  mj  ;nr  ;  p-i'  :  ga  jgf  uni*  wdiich  i“  an  integral 
part  of  each  gv  ro.  During  trans;v  T  'a‘i  r,  ar,'*  aspemblv  transition,  the  g\ro 
vacuutn  pump  mav  he  lef*  unenrrgize  <  o  f  h  a-  hjV'-  wilhout  harrri. 

""he  gvro  v  ac’iufn  rriainTnance-  uni*  a  part  i  -he  ground  eijuipment. 

start  - 1  p  --  \  tvp’h  al  ip  gr-  .  r-dure  ic;  fje.c.crihed  3=;  fritlnws;  One 

hour  or  ipore  ’  efnre  'he  in'en  ird  flight,  begin  the  proredure  bv  tonnecting 
the  gvo  package  'o  the  rnain  pi*-.,  r.[-  hus  •  2H  vdc.  This  will  energize  the  gvro 
electronics  (excep*  ^iu ^pen-;inn'>,  gvro  ele<  •, j-o-rptiral  pickoff.';  and  ^yra  vacuum 
systems.  Ne\D  btoh  gvro  ro’nr^  ii  ill  t  r  cijspen  Jed.  I  acr,  gvr**  rotor  will 
then  be  smut  up  to  appr.ixima'el-,  7  00  rps,  and  ar.v  ’'otnr  wobble  will  be  damped 
out.  Kach  gvro  rotor  vvill  Vie  torqued  its  planned  .starting  attitude.  The 
steps  from  power-on  to  at‘itude  torquing  would  normally  be  carried  out  with 
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thtf  rocset  in  its  horizontal,  initial  pr<?lauTich  attitude.  Start-up  controls  and 
p</*er  to  apin  up  anJ  damp  the  g>  ro  are  part  of  the  ground  equipment.  After 
sipinup  la  co.mpleted,  ipin  controls  and  pouet  are  disconnected  from  the 
rocket;  the  g>ro  rotors  cuntinue  to  spin  tcoast)  through  the  remaining  pre¬ 
launch,  Uunc.h,  ano  experiment  periois.  The  length  of  time  required  to  start 
the  t- 'sCI  attitude  reference  ss  stem  is  estimated  tube  Ifj  miii. 

(ivro  (operation  Prior  to  Launch  --  i  ollowing  gyri  startup,  the  g>  ro  attitude 
reference  package  ;,■>  In  its  basic  upK- rational  mode.  At  some  convenient  time 
prior-  oi  launc  h,  th*-  ,  a^.uur  purr.p  power  .suppls  i  an  I  e  turned  off,  or  discon- 
nettei  as  t.‘^ie  case  ma.  t  e  I  h»-  vacuum  pumpfsi  need  not  be  operated  during 
flighb 

Altitude  refc-reti!  ,•  'j*.»  -a  -ip!  t  t-  ntUrct*  ;!  ijuriug  this  time  period  for 

latf“r  i'or  rebitmn  wsv  ve  cr  u’. :  fftual  allgnoutit  daia  it  cording.  ’I’lie 
grounc!  .iptii  ai  e(ju;pr-  f*r.‘  sd  ul  !  r«  usable  vsiin  t!if  roi  set  citlicr  in  its  hori¬ 
zontal  attlSirie  or  in  'ne  .*-r‘ical.  au'N  -  to- laum  !i  altiludt*.  11  Ihi*  rocket  is 
raise!  Into  it.s  ■.••rtical  at'o-iO-  less  'tsar;  If)  iiiin  pt  u>r  lo  laum  h,  t!i«*  tiptic  h1 
alignrneri?  equipo  ■  r  ■,  wi!!-.  ti.i-  itnki  l  ct  ilical 


t inch  an!  I  x  •  ;  m> 
per  formance  pnase  mt'asnr 

rneni  d..t»  i  i  or  •••la'e  <  ‘.r.  ‘h*- 

launch  m  i  'h*-  c  i  !;  r  <■*•  -  ■ 
vidfs  i*'i*ude  rt'fi-rrn. 
other  aO.itn  (r  r*"f*' rer, .  >■  Hp; 
torrjutrii;  sig!i»l-i  .are  tp;  ];* 
i:i*’r*i.al  spac*'  e\cr;'  *■  r  ’h 
per formant-e  p»';'\.«d 
a  vs  ^  cm. 


--  In*-  *•■■!  i  at  kage  IK  in  iIk  attitude  reference 
-  !  't:  'til  i.iHt  i>i  )n!  din. t  wise)  of  optical  ulign- 

C  un  »  ’<i,.rmr.g  tiu'dc,  Mit  fcafler,  through 
x>cr  tt,*  !  k(  ,  attilU'h  i  t-t c rctU  i  pac  kage  pro- 

■oil  .  :  <  ‘ri.  .  !•  \  b»r  <  xpi  rii.  iMil  <  (irri  lalion  and 

•'.tit  m  r<  al  '  IT  '  1*  1  tuiboard  .-.tiilude  control.  No 
■  d'*  »'■  !  *'  wtiose  ‘‘pnii  axes  rt  n  ain  tixe-d  in 

•  :  ai.rular  •  t  i  or  whir!)  cK  curs  during  the 

-■'-TV'  r  '.r.s  ut  Kignals  arc  r»>qiiircn  {iij-  the  gyr>) 


Post  - ;  xpe  r-ir- '_H‘  •.  e  r;.  --  A  prcigramrn'' 'I  o*-  cormnanded  signal 

will  indicate  complc*;  n  .  *■  'h'-  vaTv  r  e*ei-  data  scan.  An  onboard  gyro  func  ¬ 
tion  ccsritr  Her  w  ill  n  a  p-t  -a*-'-  5  ‘'ft  attitiHe  reference’  .svstem  ftir  landing 

anci  rec<>ver%.  I'hc  ivi^^  a  h  •, s  r.c  !.f  shutting  down  the  I'Sn  attitude 

reference  s\st»'r’  ori,-.--  r  ,  lan  'ing  T  h*-  funrtion  c  /nlrc  llrr  will  applv  an 
electron- .^nefic  fm}  \  •  r-  t?  run  do-wn  the  rotors  to  zerc  speed.  The 

gvro  rundown  ocy'ra'ion  aiII  )c  pre  gr a.wirr c  j  controlled;  alloca  erj  time  will  lie 
approximatelv  2  rciin.  A*  ‘he  en t  <  •'  *he  rundown  period,  each  gvro  rotor  will 
be  "se‘  do'wn'  wi'hiri  -d  ?  ceramic  epvr-lnpe.  jn  readinep.c  for  landing.  Main 
sv-scem  power,  ofher  bhan  ‘b.a'  f  r  suspension  electronics,  rnav  or  rnav  not  l.>e 
turned  off  prior  lan-ling 


3.  A, -A  relenieti"-  '=*er; 


A  detailed  hb  <  k  diagrar  '*  'he  propc  sed  telerr.ftrv  .ciul  svstcrri  is  shown 
in  Figure  12.1,  A  I’rM-T'M  sx'S'em  -was  chosen  Vjccau<5e  of  the  data  accuracy 
requirement. s  and  because  the  number  and  rate.s  of  data  chani>els  would  have 
required  two  telen-etrv  t '-ansmitters  for  the  FM  svstem. 
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't  he  of  PCM  it^lenieTi  y  ri-eaces  sysjem  error  by  eliniinatinjij  undetect¬ 
able  error  in  the  Hi-  link.  Tvpu  al  IM-i  M  avstems  add  1  to  5  %  of  fullacale 
error  to  the  o’ata  from  this  aouf xe  A  PCM-FM  system  will  have  a  small 
percentaj/e  of  bit  errors  (nomiP.aUy  1  in  10^,  in  this  case);  howe'  er,  with 
error  detection  eu'Jinf'  these  can  be  identified  and  not  seriously  degrade  the 
data. 


An  s>stei!i  woulo  require  two  tratisniiHers  using  the  complete 

set  of  {R[(J  Standard  cr  nsiatit- bandwidtli  suticarrier  channels  available  for 
t ransrnisston  in  tiie  \'Hf  hano.  2t  appears  from  preliminary  analysis  that  a 
single  transmitter  aiU  to-  sutficteni  for  the  }*CM-KM  system  resulting  in  one- 
half  the  ■  ra.'isrr.!lter  power  r  equir  et;  riits.  It  .should  be  pointed  out  that  the 
gruunf)  Hta'ions  are  t  e'tt-r  equipped  for  nandhng  I'M-FM  than  PCM-FM 


telemetry,  and  thi:^  L'iou;v1  equip:*. eni 
FM  Un^, 


constraint  miiv  require  use  of  (he  FM- 


'[  h**  **■!«•':. ftry  avat**:*  ha-j  mam  .••oufies  .)f  data  to  pro('»‘SS.  These 

are  'he  r.t  iiofivteT  ■itit  '*  .  .‘j***:*  ,  .«:tj!udt'  detet-niii.atU'ii  su)>svstem,  and  the 

status  and  oMvironmenta t  jn  the  paNpiacj. 

('he  :‘a  !t  irjie;,,,  w;li  '*  r  vtuinnej.x  of  data  output.  !  jfteeii  of  tlie 

f’hanneH  will  hov**  a  fi-  ‘  ■* \  t<-s|)(>nH<'  ttaniiwitith  niodulatitig 


a  2*40- tf/.  rh' t! 


wilt  f>*'  ain'U!' a 

neoyal 

■  o»'np;*'  ^ 

2 ‘If)  a  ample'!  p. 

'  r  y.  ♦' !  ! 

-.mv 

>\  fme-rea  .iu‘n 

M  -ir-' 

•’■.14  c!  ur 

will  re  quit''  i  ‘ 

'.-r  ■ 

f  mg‘,*  Fi 

\  aep.a:’a:e  i  h,. 

!  i  !  !  e  ■;  ici 

t'nree  .  b  irtuela 

-vMl  r- 

Sec  p*'r  r'rmre 

i . 

’  i  pjrig  signal  ih  ini ru'dui  I'd  m  the  optical 
.i  n.ei  butnii  al  c  (lopps  r,  'I  hese  )  h  c  liannels 
*  n<  bf  onism  «  itli  tie  c dinpper  at  a  rale  of 
I  h*'  •<  r-iainifig  (hi  »’»’  channels  will  have 
H  .'.*11  a.s  'h*  I  adioirieter  spatial  sc  an  and 
I  *  'r*  rjuf'tu  \  r  esponse  an*!  t  hopping  ra'e. 

•'  •  ti-inn*  i«  or>eratirig  at  Hz.  These 


The  it!  r.eiirr'  *  *e:  4  h ^ tc'.e ’ 'J.  i^ing  .sample  and  hold  r  ircuits,  will  he 
ruiPipleye  j  \  \  f*  ;  rver'er  The  A  'l)  converter,  rrperating  fin 

0-  'o  d-vol'  inp'i's.  will  rv4  vi'h'  ?!-bi‘  V  inarv  outputs  at  a  conversion  rate  of 
Mf'n'.inallv  nycot  ,3ar',p|e4:;.5er  I  f  garj'hmic  amplifiers  are  used  in  the  radiorn- 
e‘er  a'ibp!\a'r"-  r  e.arh  channel  t.  reduce  'he  dvr.am. ic  range  of  the  output 
frop*  10  '  'c  apprcxtr  .a'elv  i4d.  Meas  ;remen‘  arruracv  will  he  approximately 
*■1.  *1  rrna  .of  reacitnc 


The  attitude  ie'errr.ina'if^n  i^ubs-  cte-r 
tricallv  siisp'erjfied  g\  r.-  s  The  ..utpu*?  v  j 
borarc  regia*er«  a‘  a  r.a'e  -/  iAO  samrles 
Figure  121.  *heae  be  cerialT. 

PCM  iata  a'-eam. 


consists  of  two  Btrapdown,  elec- 
11  consist  of  a  readout  of  four  Ifi-bi! 
per  sec  per  register.  A.s  shown  in 
shifted  out  and  sequenced  jn  'he 
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The  status  and  environinenlal  rneasureiuent  poitss  ha  t  ran  been  deftned 
in  detail.  I'reliniinary  esliniates  inditate  there  will  be  approxiniatelv  40 
points.  It  is  desiraiile  on  a  niultifligikt  proj.'!'arn  such  as  tins  to  have  the  early 
nights  well  instrumented  to  identify  failures  and  then  causes  so  ttiey  cai  be 
corrected  on  succeeding  flights. 

A.s  shtjwri  in  i- igure  12'3  the  status  an  t  envii  onmenial  points  will  be  multi¬ 
plexed  in  to  the  Ml)  converter.  I.hese  test  ^KUnts  will  be  sampled  only  during 
periods  when  the  radiometer  is  nut  scanning  liie  tior  i/on  ot  interest.  This  will 
be  during  the  scars  rever  sing  intervals  and  vehu  U  attitude  shifting  intervals 
anri  will  replace  t.he  radiometer  outfruts  I'iurliig  that  lime. 

Ml  data  and  s',ru  wn.-rds  a  ill  be  ::.uitji>b-xed  itito  a  serial  bit  stream  with 
parity  added  fur  rmxfuiuting  the  '  i  ansmittei  .  A  >t;t!Kta!’d  word  and  frame  struc 
turn  IS  defined  m  the  l'(M  s-a'ilj;  !.s  !  UtUi  dmutnent  3(»l<-(d  will  Ire  u.sed. 

The  bit  rate,  including  da'.i,  pa;  its  ,  and  ss  ra  hronir  at  ion,  will  be  nomi- 

nallv  lOii.OOO  bits  per  set. 

The  transmit  t'T  si/e  deps-u  hs  *.  e;\  st;  ’ngi\  -.n  ita-  t  ;giabilit1r's  of  llie 
ground  recrdving  e<(ii ipOien’  S  la-  f  •lli  =  a;;ig  <  a!  ubvtic  ri  is  I  aseil  on  r-quipni<Mlt 
available  at  the  V.  allcps  Isl.tnd  lamu  f;  >‘i!i'  ;c,  :  »  ti.axjmum  transmission  dis¬ 
tance  of  400  krn. 

\ssume:  Vehicle  tr-insmt s^tor,  lira-  U-ss  t  i'.n  dl) 

h  .ehng  I  -  f  .  0  fit 

{''!l,iei7,j* jor,  loss  ■  rt,  0  db 

i-'-va"  i’‘r-  . 'tn.  0  dbii" 

Then;  }’ 

rrm-.mt  I  -s 

Tnn.'^.a'i*.  gain 
I'n  r.  ir  s-: 

ln^‘? 

I’lua'-ira' ion  If  ?' 

Hefctvrr  an*,  g^air 

Rereiver  c;pn^i;ivi‘v 

Margin  -  20.  4  rjf 


If  12.  .)  db  is  required  a*  'he  rm  eivrr  'or  .cignal-to-nni.so  ratio,  the  net 
margin  i.^  7,  ^  db,  tvhich  should  be  adequate  to  cover  tasp.<?  in  the  telemetry 
avstem  where  the  coverage  in  ’he  power  pat’ern  of  ’he  vehicle  antenna.*?  could 
dip  a^  much  as  4-.}  db  below  i.sntropic. 
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The  receiving  antennas  at  the  Fort  Churchill  range  have  a  !9-db  gain 
compared  to  the  28-db  gain  of  the  larger  antennas  at  Wallops  Island.  To  com¬ 
pensate  for  the  i-db  difference,  a  lO-watt  transmitter  will  iiave  to  be  used  on 
the  payload  for  lajnchea  from  horl  Churchill, 

The  tc/tal  si«e,  weight,  anc  p^;wer  estimates  icr  the  teleinetrv  subsystems 
are  170  iiil^.  12  lha.  and  ti  watts  T.hese  estimates  do  not  include  hea)  sink 
weight  for  ih'.*  unit.  A  tletailed  tfierinal  analysis  must  be  londucieil  to  deter¬ 
mine  the  niourittng  ct;fUigui  alio.n  for  the  transmitter-. 

I'rincipal  areas  d  *’jtA  ti.^  be  dune  on  the  telen.et  !•>  subsN  -'tein  are; 

•  Detail  design  of  tbe  s  ab.-j  ■.  aiern 

•  Xntenna  UeTig.n  jt.  J  pat*.-:  ;,  ir.easurement 

•  '['hertna!  aruDaia  .«!ii  ;>a<  eagsra-; 

•  [rit»'gr  atii  ri  and  it  r  tifiat!,*!;  ‘wit.*.  grt  und  stu'.it'ns 

j .  1 .  »  ■  r rai  'ting  >0 t;S;.  •fe;r 

['he  extierirr-.ent  *1  annS.ni,  a  ;r.ii  y  t'r  qui fe nn  nl  s  filc'.ate  posititni  and 
-ilti'ude  atcur  u-.  !  r>-!' t  '  '.'nn  r  ,  Id,  rbn  ugti  !b«-  no  asurrn.ent s 

portion  of 'he  f  t*  an  ;  r-.av;’’  '.m.  ranp<  of  <SO{)  km,  a  tracking 

tran.a ponder  wiU  ne  •eip.qt  r  t  -i  t'.e  -.e'ni  b 

For  Lum-  hea  ,»•  F  r*  <  hnn  hill,  'hr  AN  }  j-C,!-)!  a  jll  l-i  used  as  Ihr 
irround  trut  king  •'a  bar  i  he  [Fane''  toJiiiien  «nd  insiallti  ;h<  AN/t>l’N-41  IranH 
ptmder  to  be  conma'iMe  -.viib  'heir  ground  ra  Jar,  Thitt  radar  (jprratrs  in  the 
2700-  to  2‘FiO-\D[,'  frequenc-  range  }  sMjra'r  3  arrorae  v  of  thlB  Kystcrri  is 
‘27  %ar  i^;  in  -ange  ami  •'‘h  ■'  '^iIb  in  a?;r-.-.th  and  elevation.  At  a  4on-km 
range  'he  ar-rl  error-^  'vii!  i<  ui'  '•  ‘200  m. 

The  \N'/I>I’N-li  *rans;'---n  '‘ r  rentajn*^  <  wn  power  .“^upplv  operating  off 
five  [{fFi  Vardne.  '>ilyerrel«.  The  -tea]  wright  and  volume  of  the  transponder 
.a\  aten'.,  ificluding  anteni'a'!,  iFi  he  approxir-aa  te] •.  P,  Uis  anti  120  in. re¬ 
spect  i  velv , 

Tracking  radars  in  use  at  ''A  ailops  Inland  include  the  AN/FP‘'- IG, 
■^PANDAR.  and  'he  \\  Ff'Q-O.  The  .^P.ANDAR  unit  operates  in  the  same 
frequency  range  as  'he  AN  1  and  may  f>e  rornpatiV>le  with  the  AN/Tdl^Ty- 

41  transponder.  F  would  he  highlv  desirable  to  have  the  same  type  of  trans- 
piinder  for’  ea.rh  la'inch  range  '  a'crid  having  tc-  make  TT«fiunfing  modifications 
in  the  :ia’.  load. 

^kin  tracking  radar  shoulu  also  be  u.sed  as  a  backup  Bvstem  for  each 
launch.  Although  unable  to  maintain  track  over  the  full  trajectorv,  they  can 
provide  a  highlv  accurate  track  ‘hrough  the  first  50  to  100  km  of  flight.  The 
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night  profile  could  be  generated  t  \  extrapolaiiun  from  this  initial  track  to 
provide  useful  data  in  the  event  of  Jailure  in  the  priniar\  transponder  tracking 
system . 

Principal  areas  of  work  to  be  d  uie  on  tiie  irsrking  subystem  are;  integra¬ 
tion  and  coordination  with  ground  staticns;  selection  of  cuinpaiiLle  transponder; 
antenna  design  and  pattern  rneasuren.ent;  thermal  anals'sis  and  packaging. 


^ ^  •  5  I  lectr ical  I 'o w  er  ^ubs\  s ' e , 

rti‘‘  electrical  pH.wo-t  --j'u.bs  . -ten.  turnis.hes  tlie  :  ov  kct  s\steni  with  a  con- 
linu'>us  sourc»'  of  ••lectrscst.\  .  I  he  ^ut  s\  stem  ba.sii  all\  ci'nsists  id  three  elt  e- 
trtcallv  Mola^e.*  battecc  -iuprilies  tc:  ehii  lc,  {-as  It. ad  and  t  ecover>  packagi* 
power.  (,.1  jahfje  l.  iff- the- sre-lf.  I  atte-  se.-,  afe  .aiuilable  lor  e;u  h  a]iplica!ion. 

The  vehicle  Suppls  pros  eJivs  ;kovi-;  to  loauj'.'i  assot  luted  With  iiusi'  cone 
removal,  pavloa  I  Separato.-n  ar.  5  !*,<  t  p  iisi  -t\j>e  loads,  Thi.-i  suppls  con.sists 
of  two  “itnall.  ele.  'fi  all',  t.n;  la'e  s.  ■;u''<  t  i«o.  c">:.!h  i  tnl  ti.  tl'.e  i  t*dund«nl  vehicle 
control  ci  ri  til?  >t.  I'je  >  o’erv  '.s  .i  hig-h-ili.st  liu:  gi  ,  tiinoti^h  a(livati*d,  siiver- 
/inc  b  itterv,  Xt'tl.  itui!’  e  m  I*  .js  ti.uf!  <  ?;•  n  Inutt  wjlh  a  stand  lifetinn^  of 
six  hours.  \n  .nterr.ai  hfea***;-  is  pr  vi  Je  ;  I  b'  !  .itt«  i  \  has  pi  ovisjons  for 
exterriul  heater  pow*--.  exte-u.tl  a  ‘n..ctif  t.  .on!  •  xterti.'il  tiioniloring  of  the 
l)atterv  voltage 

The  p.»vloa'!  power  ^u;.;  Iv  usej;  Pilver-ririC  prrnndarv  hailrrir-fi.  These 
hatteries  are  ra;vil)le  of  supplving  ‘h*  t-' -".jired  r]r.;^triral  Ica'iK  for  2  hrs  wjlh 
output  volbige  lit!  its  of  2  h  .V  ‘i  2»'  v  il!«,  I ’a  tw.  )  ,attf  t  ieg  are  normally  oper  ated 
elertricallv  i.sola*e  !  *  ■  n  itiitt.i.-e  ■.■.•rj  ff -enr»  •  .  t  errn  pavload  Huwby KternH.  Pro¬ 
visions  are  pr.ivu  te.!  *,•,  lUw  epi-.  -  >-at<r.r  ,  o.  s  )pp]\  the  rntire  pavl'cad  in  the 
event  of  a  ba'ter'  faiiurr  f  ir  121'^=  are  5  -.;  j o.  allow  thf  p,5v1oad  to  operate 
from  external  power  and  •  .allow  'he  »  aiterie;!  to  he  charged  when  n.nynted  in 
the  rocket  pavloa i 

The  recove-rv  package  p  wer  ;>  provided  h-c  a  .ce;jara}e  hatter  v.  T  his  battery 
has  suffiejerd  cai-iarifv  'o  ar'iva'e  recover-,  cirtuf'-  and  to  operate  the  recovery 
beacon  for  24  hrs. 

The  electrical  p.nver  Slit  s% -‘em  nvi.st  remain  compatible  -with  the  pow-er 
utiliring  snl  .^0  rocke? -pav  Ir  a  i  ronfiguraMr  n  and  rocket  launc  h  pro- 

cedure.s  ’  .T-o’i  gho\i‘  the  design  perird.  The  electrical  power  sub.svstem  must 
monitor  the  above  a-eas  con*inuous]v  as  ‘he  pav  load  svstem  progt  esse.s  to  the 
final  design.  *'perific  tasks  which  will  le  accomplished  d'uring  the  design 
period  arc  as  fnllnw.s; 

•  Klectrical  Power  .MlocaMer.  --  The  eiecirira]  powem  allocations 
for  the  individual  utiliiting  suh.svsten'iS  will  be  continuouslv 
n'onitored  throughoiit  -he  de.sign  period.  The  amount  of  power 
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ar.-i  of  pcwer  'or  eacfi  subsvstetn  and  iht  influence  of 

irvJividual  util'/ing  loads  or;  uie  electrical  bus  will  be  evaluaied 
ari'J  controller  su  as  tc  result  in  the  Lest  overall  sxsteiu  design. 

•  Hocut^  t  I'ay  1  sad  C'ofifi^’Ur  at  ion  --  The  si/e.  volume  aiKl  weight, 

aTTocatiofi  for  tr.e  electrical  jx.>wer  subsystem  must  I'emain 
con. patri  le  with  ele.trual  p;-wer  performance  and  r'eliabilily 
requtrerT.entd,  (  cntinue  j  com'MriSun  of  the  siJe  allocation 
ar'fi  !he  preflight  at  J  inflight  .Tnircnin.ent  with  tletirical  jK^r- 
f:  rn. arice,  cuntri  I  atri  rehu*  li;',  teqiuirernents  will  be  required 
thrtri;t;.'u'or  the  iesign  anibu'Sd  ptiasea  Sire,  performance, 
and  i-ost  oi  sit-,  er-r  inc.  siU  er  - 1  a  In  lum  and  nickel- cadmium 
ba>'!Tle5  Alll  te  '  ;  a  le  1  '!  p  '•  ,.,„jred 


j{<  n  k*-*  1  n  -  '  I  ‘;r 

t  otripati’'  !e  At  til  t  ..e 

»f  .  iifu  f-rti  a  r»‘  ,  r-  4'.  ■ 
laifU'n  •ij’f-  ♦•a’l'rfiai  t- 
ti’l  i|  p  !  *»•  r  -i  d  I', 
mt-ri' -i  Jl  i  at t Isr  : 

la  i!ti  ■’  id*-  v»-lf‘  * , 


<  le.trlcal  <  r  s\.s!t  n  must  l.n- 
'•[ail  al  la..!K  ‘  •  f  qu  1 1  *  Ilicli!  ,  lleni.S 
V'-^atif.^  ;i!';r  on  tin-  Itattr  r\  suppK  and 
*rr  ar.  *  t  a;i«  r  \  i  barging  facililie.s.  'I'tu 
.  it*  •  a  ill  t  <  tf-ss^nrd  to  ttirel  l!»  l  <  nuir*  - 
f  ■'’i  ;•  pr*  fligh.'  h»  t  K(itjt  prcn-edi) I f.'i  and 
r  'ir.alire  1  dutlfi^  the  (t»*sign  |>f  r'l  )d. 
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in  largi  part  o!  stanri.ard  BHVJl 
give  r  11  Ht  rut  turf  whic  h  is 

t’«r  yr-ro'fvnaniic  londs  cm  the 
hor  f  u  r,  through  Kic  lirsl  and  inlt) 
•'Hsitn  cnt  ljndrra,  at  which  location 
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The  internal  c  ■n'*-iic'i  n  ■  '  ‘hr  pa-*ifiad  i®  in'rndrfj  to  follow-  the  general 
me?hoti  oS  n  fural  anop'-r*  and  load  di^t-il  u'ion  *i«i  has  been  succ’opsfullv 
used  with  ‘he  BHyB  vehicle  on  other  rrrgram®.  Figure  nf,  is  a  preliminarv 
conceptual  I’-awtc^  -  ^  *he  cavioad  config'ir atif  n.  \t;  shc>wn,  the  maior  portion 
of  the  oa’i  load  leng'^'  i'j  comp-'ised  of  ‘he  epe-rtra'i  radiometer,  shown  as  a 
right  cvhnde**  (ih-in  dia-re'rr  r  in.  longt  with  a  pre«;«;ure  dome  on  the 
forward  end^  The  balance  of  •‘-e  pa-load  is  positioned  aft  of  the  radiometer 
in  separaP’  func'ional  ecuipr-.en*  decks  Thece  der  k.s  are  interconnected 
longrtudinaU V  hv  four  =truc‘’3*‘a1  r'-erril  ers  i>e‘wrfn  each  deck  and  are  also 
attached  t  'he  oii*er  s‘rur*ure  to  provide  ‘V  required  streng’h  and  rigiditv 
to  withstand  ‘he  launch.  nigh‘,  and  recover-,  loads. 
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Attachment  the  experiment  radiometer  to  the  first  equipment  deck  is 
accomplished  at  four  points  around  the  circumference  at  (he  rear  of  the 
radiometer.  The  instrument  is  stiessed  so  that  its  structure  will  be  adequate 
to  carry  the  loads  necessitated  by  this  cantilevered-ty pe  mounting.  I'he  sec¬ 
tion  immediately  att  of  the  radiometer  provides  mounting  and  alignment  pro¬ 
visions  for  the  attitude  and  rate  gyros  and  associated  electronics.  This  loca¬ 
tion  enables  the  closes  possible  alignment  between  these  .sensors  and  the 
radiometer  to  be  achieved  and  maintained  throughout  the  flight. 

Located  behind  the  attitude  and  rate  sensing  section  is  the  power  and 
communications  deck,  followeti  by  ttie  I'eaction  control  gas  system,  recovery 
section  and  igniter  housing. 

.\  weight  breakdown  of  the  s%  stem  is  s.hown  in  Talilo  31. 
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Table  31,  Vj  eight  Breakdown 


Item 

Nose  fairing 

STD  cylindrical  extension  (2)  21.  7"  ^  28  lbs 
STD  cylindrical  extension  (1)  16.  3"  S  23  lbs 
STD  cylindrical  extension  (1)  11.  3"  3  18  lbs 
Igniter  housing 

Radiometer 

Attitude  and  rate-sensing  section 

(2)  ESG 

(3)  Rate  gyros 

(2)  Electronics  assem-lies 

(1)  Wi  Mng  harness 

Mounting  and  connecting  structure 

Electric  power  and  communications  section 

(2)  Batteries,  ignition 
(2)  Batteries,  power 

(2)  Power-processing  assemblies 
(1)  Programmer 
(1) Transponder 
(1)  Telemetry  assem.bly 

Rocket  and  payload  instrumentation 

Antennas 

Wiring  harness 

Mounting  and  connecting  structure 

Reaction  control  gas  system 
(6)  Titanium  storage  tanks 
(1)  Press  regulator 
(1)  Press  relief  valve 
(1)  Gas  filter 

(1)  FiU  valve 

(6)  Thrusters  and  nozzle  extensions 

(2)  Gas  manifolds 
Tubing  and  fittings 

Mounting  and  connecting  structure 

Recovery  section 


Weight  (lbs) 


27.  0 
1.  5 
8.4 


21.  6 
3.  8 
0.  5 
2.2 
0.  1 
6.  5 
1.6 
1.3 
16.  0 


53.  0 
56.  0 
23.  0 
18.  0 
19.  0 

80.  0 


68.  5 


65.  0 


Total 


491.  0 
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SKCTION 

PHCXiHAM  l»LAN  AND  roS'I'JNG 


K.l  GROl’NM)  ai'I.KS 

The  reeoinrnended  probe  proi’i’arn  call-^  for  10  launches  coverjn<^  the 
Heasonal,  diurnal  and  j^eoiiJraphic  van,ation.  These  launches  will  bt  held  at  a 
northern  launch  site  'assumed  here  to  be  tort  ('tnircbilll  and  a  tempt'i  .te  site 
(assumed  here  to  be  Kt»Hn  }  leldi.  In  addition  a  mini  mum  -  cost  program  has 
been  described  which  calls  for  three  prol  es  launc  hed  from  a  northern  site. 

A  haseline  prot*ram  pi  in  was  issue  t  to  olitain  costing;  information.  This 
s  iiedule  IS  shown  in  Injure  12-1.  \  ijenef  al  sl.itement  of  work  and  test  plan 

w  IS  issueil.  \pproximately  one  year  is  allocated  to  pmciircnnent .  fabrication 
and  testifiij  of  th*-  sensor,  attitude  system  auxiliary  systems  and  iritejjrating 
structure,  [t  h’ls  he«m  ‘^sumed  that  a  single  contractor  will  he  responsible 
for  the  in.striiment  system  'I'n**  .system  wr>u!d.  after  qualification  and  test, 
be  delivei'ed  t{>  .M'CKI.  is  an  inteijiated  assembly,  fo*-  installation  on  a  Black 
Brant  V'H.  Costs  of  the  rock*'t  have  been  ootained  and  arc'  included  in  the 
estimates,  (‘ost  of  data  reduc  tion  to  c  alibr  ited  radiance-position  data  have 
been  estimated.  AFCltL  integration  and  test  range  costs  have  not  been  included 
in  these  estimates.  It  should  be-  undc'r.stood  that  all  cost  information  are  rough 
order -of-magnitude  estimates  based  on  the  dc'sign  baseline  presented  in  this 
report  .All  cost  quotes,  with  thi'  I'xception  of  the  cost  for  the  Black  Brant  VB. 
were  obtained  from  divisions  of  Ilonevwell.  Model  Stati'menls  of  Work  were 
Issued  and  a  re.«ponsc'  generated  througli  the  normal  quoting  rhannr-ls.  No 
negotiations  were  held  against  these  estimate';;  ijmce  the  rough  order  of 
magnitude . 

For  quoting  purposes,  the  integrated  instrument  package  was  broken  into 
5  subsystems,  and  costs  are  rollerted  against  these  subsy.stems.  The  sub- 
syst.'m  areas  are: 

•  System  design  and  system  analysis  du-ing  fabrication/ test 

•  Attitude  determination  and  control  subsystem 

•  Radiometer 

•  Auxiliary  "-ubsystems  (power,  telemetry,  recovery) 

•  Integrating  structure 

As  part  of  the  baseline  instructions,  it  wa.s  assumed  that  four  flightworthy 
integrated  instrument  systems  would  be  required  to  meet  a  launch  schedule 
calling  for  10  launches  in  one  year.  If  was  further  assumed  that  a  minimum" 
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qualifitation  proi'rafn  would  be  required  on  each  sub!?ysteni.  that  the  inte- 
gratirijj  structure  v.ould  be  qualitied  with  dutniny  instruinents  and  a  system 
test  of  the  integrate  3  svsteni  would  be  requ.-ed 

r,  2  STATKMENT  ()!•  WORK 
(1.0)  ideneral 

'Phis  statement  of  wor  k  cu‘.er'.->  t)ie  design  de\ elojnnent ,  Idibn cati on . 
test  and  data  reduction  of  an  .ntegr-ate'*  instrutnent  system.  I'lns  SNstem  is 
de.nigried  to  rieasur*-  t)i<-  spec  tr  i!  r.idia.Uve  ol  thi'  earth  limb  in  the  l.W’ll^, 

The  Hystern  eoriHists  of  trie  following  su!;s\ -tenis- 

(,i)  'spec  tr  cl  K  tdione  t'-!’ 

(h)  Attitude  Refer'en.  rid  ('ontrs'l  sy-tc m  (■MU’s) 

(i  )  Integrating  Struet’ire 

b!)  '1‘eleinc‘t  ry 

(e)  |^VWer 

(f)  Auxilinrv  M r’ftnetit  svster 

(g)  Cirourid  ^up«pnrt  Equipment 

The  integrited  'tisf runmnt  system  will  be  delivc»red  In  Al fRL  ((dRlv). 
Ifanscniti  F'leld.  Rcnlfor  i.  M  tssac  liuselts ,  for-  final  integration  and  flight . 
Recorded  tolemeternr!  data  will  be  deliae r<ot  to  Uonevwell  Inc  .  Minneapolis, 
for  redi.icliori  to  i  alibi,  ted  radiance  and  posilmn  data  These  data  will  he 
delivered  to  \f'(’R!  fCRORl  foi'  rtn.al  dal  analysis. 

The  program  in  a  ten  flOl-flight  program,  with  first  flight  .scheduled 
during  the  month  of  .ranuary  i''>71  A  minimum  qualification  and  test  pro¬ 
gram  will  be  required.  Four  bf)  flight  systems  and  two  (2)  GSG  systems 
will  be  delivered  in  accordance  with  the  appended  milestone  chart.  Upon 
recovery,  the  flight  systems  will  he  returned  to  Honeywell  Inc.  .  Minneapolis 
for  refurhi shment .  One  set  of  G^F  equipment  will  be  delivered  to  AFCRL. 
and  one  retained  at  Honeywell.  The  equipment  to  be  fabricated  and  delivered 
UMfier  this  statement  of  work  are  as  defined  in  rection  h.4. 
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<2 . 0)  Systeri!  design 

(2.1)  ftequi  renienls 

The  baijic  fequi  reinents  for  this  pfogi'arii  are  estF.blished  in  the  foregoing 
sections  of  this  report  During  the  design  phase,  a  continuing  effort  in  the 
study  of  requi  rerrierit  !•  shall  be  undertaken  to  allow  for  iteration  of  require- 
rnent.s  ano  design. 

(2.2)  Spectral  Hadiorneter 

A  spec'ral  radiorn»,-ter  shall  be  designed.  The  design  given  in  Section  4 
shall  be  used  a.s  a  baseline  design  \  design-to  specification  .sliall  be  issued. 
A  critical  li-sign  revi'v.'.  s.hall  precede  the  issiiaru'e  of  tins  soecificatiori. 


(2. 'll  \Pttude  K'-feteruc  anii  i  "ont  ral  Sy.stein 

An  attitude  r»d'erent  e  and  control  system  sliall  be  desigru'd.  The  design 
gi  en  in  Section  '>  sliall  be  used  a.<  a  b.aseline  design  A  design-to  specifi¬ 
cation  shall  !)♦•  issue,!.  A  critical  de.sign  review  shall  precinie  the  issuance 
of  this  specification. 


(2.4)  integr  iti.ig  Sfni  -tiire 


.An  integrating  structure,  •.■.hose  function  is  to  provide  an  alignment 
mount  for  the  radiometer  and  attitude  determination  package  and  provide  for 
inclusion  of  a  telemetry  {mwer  svib.syptem  and  the  interconnection  wiring, 
shall  be  designed.  I’rovision  .«hall  he  made  *‘or  mounting  with  a  GFK  recovery 
package  and  with  the  black  brant  Vli  vooster.  The  design  given  in  Section 
5  shall  lie  used  a.«  a  baseline  dr.^ogn  tor  a  tradeoff  .study  to  establish  a  .'"inal 
design.  A  desjgri-to  specification  shall  he  issued.  .A  critical  design  review 
shall  precede  the  is.<=iianrc  of  this  specifiration 


(2.5)  Telemetry 

A  telemctrv  subsystem  .'’hall  be  specified  using  off-the-shelf  components. 
A  requirements  specification  shall  be  issued. 


1  ho  telemetry  s'-stem  will  be  a  PCM-FM  system,  maximum  bit  rate  102 
kilobits.  Analog-to-digital  conversion  will  be  provided  fo-  20  radiometer 
channel.'’,  two  channels  of  attitude  reference  system  output,  and  up  to  40 
housekeeping  data  channels 
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(2  .  fi)  Po\^  t*r 

A  power'  supply  subsystem  shall  be  specified  using  off-the-shelf  com¬ 
ponents.  A  procurement  specification  shall  he  issued  Three  electrically 
isolated  power  sufiplies  shall  he  utilized  for  each  s\steni.  providing  vehicle, 
payload  and  re(  o.ery  power. 


(2.7)  A  u .\i  1 1  a  ry  M e  a s u  re m er it  s 

A  study  .stiall  he  made  of  the  requirements  for  temperature,  voltage  and 
pre.ssure  rnea.surements .  A  system  sli;tl]  he  designed  to  interface  with  the 
telemetry  sv.stern  tci  provide  tiie'^e  measurements.  A  design-to  specification 
shall  be  is.sued. 


(2.H)  System  Integration  .md  Te.'^; 

Integration  sp«M  ific.'i!ions  shall  he  rierd .  .An  overall  test  sclu'dule 
will  be  e.stabli siied  ‘nr-  decadopmental .  acceptance,  proof  testing  and  system 
integration  testing.  'I'est  ,spei  ifu  ation.*^  sliall  be  written. 


(2.(1)  Data  Processing  'System 

A  data  processing  system  .s)iall  be  designed  and  design  specifications  for 
computer  programs  issued. 


(2.  10)  Cf round  .support  I'.qinpment 
(2.10.1)  ('ryogenic  Cart 

.A  rryogenic  cart  will  be  de.signed  to  firovide  on-.«ite  cryogenic  support 
for  the  radiometer.  .A  huild-to  spec  ific.af'on  will  be  issued. 


(2.10.2)  Alignment  System 

A  system  will  he  designed  to  provide  final  alignment  of  the  Attitude 
Referenre  and  Control  System  before  launch.  A  huild-to  specification  will 
be  issued. 


252 


UNCLASSIFIED 


UNCLASSIRED 


(3.0)  abncation 


i3,  1)  Hpectr-al  Hadiometer 

A  .speftfal  radiometer  shall  oe  produced  in  accordance  with  the  build- 
to  specification  and  section  G.4. 

(3.2)  Attitude  Heference  and  C'onlrol  System 

An  attitude  reference  and  control  subsystem  snail  be  produced  in 
accordance  with  the  t)uild-to  .specific  ation  and  seclion  6.4. 


(3.3)  Int*‘5»ratint»  structure 

.‘\n  inte]^'’atin>'  Htructure  shall  be  faliricaled  in  accordance  with  Iho  build- 
to  spefj fi cation . 

(.3.4)  3'elemetry  System 

'I'hc  lelenietrv  sutisy-^tern  t  ornpnnenfs  shall  be  puri’hased  in  accordance 
with  the'  procurement  spc'cificationr- . 


(3.o)  f’ower 

T)iP  powc'r  supply  subsystem  shall  be  purchased  in  accordance  with  the 
procurement  sfu'cifications. 


(3.6)  Auxiliary  Measimemenl  System 

The  auxilir.ry  mea.surement  subsyestem  shall  be  produced  in  accordance 
with  the  build-to  specification. 


(3.7)  Subsystem  Integration 

The  .subsystem  components  shall  be  assembled  into  an  integrated  system 
in  accordance  with  the  integration  .specification. 

(3.8)  Data  Processing 

Computer  programs  tnall  be  written,  de-bugged,  and  validated  wiv 
sample  runs  in  ,arcordan<  •  with  the  design  specifications. 
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(3.9)  GSE 

(3.9.  1)  Cryogenic  Cart 

A  cryogenic  c.art  will  be  produced  in  accordance  with  the  design*to 
specification. 

(3.  9.  2)  Alignment  System 

An  alignment  system  will  be  produced  in  accordance  with  the  design-to 
specification. 


(4.0)  Test 

(4.1)  Qualification 

(4.1.1)  Radiometer 

The  radiometer  .shall  be  ie.sted  as  a  unit  to  the  flight  environment 
acceleration  and  .shock  envelope.  The  radiometer  shall  be  t*^st*’d  in  a 
thermal  environment  representing  the  extremes  of  the  ground  arc  flight 
environment. 


(4.  1.2)  .Attitude  Reference  and  Control  Subsystem 

The  attitude  reference  and  control  subsystem  shall  be  tested  as  a  uni 
to  the  flight  environment  shock  and  acceleration  envelope. 


(4.1.3)  Structure 

The  integrating  structure  .shall  be  tested  with  simulated  packages  (mass 
and  size)  reoresenting  r .iometer,  attitude  reference  and  control  subsystem 
telemetry  and  pow'er  Eubsy-tem  to  the  flight  environment  shock  and  acculera 
tion  envelope.  Instrumentation  shall  be  incorporated  in  this  test  to  measure 
acceleration  and  shock  transmi ssibility  and  amplification. 


(4.2)  Fun  tional  Testing 
(4.2.  I)  Radiometer 

The  radiometer  shall  be  tested  for  functional  operation  at  the  manu¬ 
facturing  facility.  The  radiometer  shall  then  be  delivered  to  Honeywell  Inc. 
Minneapolis,  for  performance  testing  and  integration. 
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(^.3)  Performance 

(4.3.1)  Radiometer 

After  proof  of  functioning,  the  instrument  shall  be  delivered  to  Honey¬ 
well,  Minneapolis,  for  performance  testing.  Additional  performance  cross¬ 
checks  will  be  made  at  the  AEiXT  (ARO)  cold-chamber.  TUllahoma,  Tennessee. 
Upon  completion  of  performance  testing,  the  instrument  shall  be  delivered  to 
Honeywell,  Minneapolis,  for  integration. 


(4.3.2)  Attitude  Reference  and  Control 

The  attitude  reference  and  control  system  shall  be  tested  for  performance 
in  ac<c'dance  with  the  test  plan. 


(4.0.3)  Telemetry  .System 

The  telemetry  system  shall  be  installed  in  the  integrating  structure 
and  tested  for  interconnection  integrity.  Antenna  pattern  tests  shall  be 
made  during  this  test  sequence. 


(4.4)  Systems  Test 

The  integrated  sy.stem  will  undergo  a  system  test  in  accordance  with 
the  test  plan. 


(5.0)  Plight  Program 

(5.1)  Flight  Support 

Honeywell  shall  provide  technician  ai. .  engineering  support  during  the 
flight  program. 

(5.1.1)  Launch  Support 

Honeywell  will  supply  technician  support. 


(5.1.2)  Refurbishr'ien.  of  Recovered  Equipment 

Honeywell  shall  refurbish  and  lest  recovered  equipment.  The  test 
program  for  refurbished  equipment  will  be  identical  to  the  test  program  for 
original  equipment. 


255 


UNCLASSIRED 


UNCLASSIRED 


(5.1.3)  Data  Keduction 

Honeywell  will  provide  data  reduction  services  to  reduce  recorded 
flight  data  to  calibrated  radiance  and  po.'-'ition  data. 

(0.0)  Program  Control  Requirements  and  Documentation 
Submit  plan,s  for  approval* 

•  Corifiguraticn  Control  Plan 

•  Reliability  Plan 
®  tiUality  Plan 

•  Operation  and  Maintenanie  Plan 

•  Personnel  support  Plan 

•  Subcontract  P'rof-urement  Plan 


(0.1)  Configuration  Control  Plan 

Control  ail  contract  end-item  devices,  subsystems  and  systems  to 
approved  "Design  to"  baseline  .specifications.  Departures  irom  the  baseline 
will  he  controlled  by  engineering  change  control  procedures,  directing  ron- 
ficuration  changes  to  released  liocumentation. 

".As-'miilt”  li  ir'iwarc  will  be  verified  to  the  "as-engineered"  data 
specified  to  an  enci-itern  semial  number  device. 

Documentation  records  will  be  maintained  that  will  associate  specific 
■'esign  data  to  the  specific  set  of  hardware,  including  part  numbe;-,  drawing 
lovision  letter.-.  CC(0  log  for  seriali/ed  units,  traceability  recording  where 
neces.sary  at  device,  subsystem  or  system  level  to  support  performance  data. 


(ri.2)  Reliability  Maintainability 

.‘\  limited  reliability/ma  ntainabi’.ity  analysis  is  required. 

Analyse.^  shall  be  performed  to  predict  the  system  MT13F  and  the 
system  maximum  time  to  repair. 

All  test  information  shall  be  computed  and  compared  ‘o  model  pre¬ 
diction  i  of  reliabilitv/maintainahility. 
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(6.3)  Quality  As.surance 

A  quality  program  in  accordance  with  the  requirement s  of  MIL-I-45208A 
and  the  approved  quality  assurance  plan  shall  be  provided. 


(6.4)  Operation  and  Maintenance  Procedures 

A  .set  of  operation  and  maintenance  procedures  shall  be  developed  for 
the  integrated  instrument  system. 


(6.5)  Personnel  Subsystems 

A  limited  analysis  sh.ali  be  performed  to  ensure  that  no  degrad.^’  on  of 
performance  or  maintenance  occurs  due  to  the  personnel  subsysten 


(6.6)  Data 

The  established  Honeywell  Data  Control  function  will  be  used  for  Integra 
ting  the  data  management  effort  with  the  Program  Control  Office.  Honey¬ 
well's  standard  data  management  svstem  conforms  to  MlL-D-1000.  with 
drawings,  specifications  prepared  to  Mil. -STD- 100.  Data  transmittals  wall 
be  prepared  on  CDRI.  DD1423  forms  in  acc  ordance  with  categories  and 
frequency  negotiated  in  .«tatement  of  work. 

Data  management  will  be  primarily  concerned  with  data  to  be  delivered 
to  ARPA  as  directed  bv  contract  SDRL’s. 


6..'’,  TEsTrN’G 

6.3.  1  Developnent  T«‘sting 

Because  of  the  .^hort  time  scale  proposed  for  the  spectral  radiometer, 
it  will  be  necessary  to  rely  for  development  testing  upon  the  radiometer  and 
chamber  prcsep'iy  being  fabricated  at  Honeywell  as  an  investment  program. 
This  radiometer  is  similar  to  the  proposed  radiometer,  with  the  exception 
of  the  multiple-channel  spectral  array;  that  is.  the  forebaffle,  blackbody 
absorbing  baffles,  pin-hole  Lyot  lens  and  general  optical  configuration  are 
essentially  identical.  Testing  of  the  completed  radiometer  is  scheduled  to 
begin  in  March  1^70.  Tests  have  been  conducted  on  the  blackbody  baffle 
concept  with  excellent  results.  Preliminary  testing  of  the  Lyot  lens  principle 
has  been  conducted  and  a  direct  test  of  a  visible  light  analog  will  be  conducted. 
Other  tests  are  tentatively  scheduled  to  examine  the  cascaded  effect  of  these 
baffles  in  a  scattering  environment.  Scattering  measurement.s  on  optical 
surfaces  of  the  mirrors  have  born  made  at  10.6  microns  with  excellent 
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results.  TestinjJ  cjf  the  coMipleted  assembly  for  sensitivity  and  near  on- 
axis  stray  light  rejection  will  be  at  cofiii)li shed  by  the  end  of  April.  This 
radiometer  will  be  cross -tested  at  .ACIK'.  Tullaiionia,  in  March  1970- 
The  fConevwell  chamber  is  callable  of  ai  repting  the  proposed  instrument 
w,'ith  no  modification.  A  design  for  testing  higli- rejection  cold  filters  is 
presently  under  wav, 


n .  3 . 2  Cjualifi  cation  'he sting 

Again,  because  of  the  short  time  stale,  qualification  testing  will  be 
held  to  a  mininiUtn.  Ih'cause  the  spettral  ratiionieter  is  a  .‘^‘ealed  vacuum 
assemlilv  testing  tor  .humiditv,  temperature,  fungus,  the.  will  be  held  to 
a  mini.miim.  It  is  proposed  that  th*-  environmental  testing  be  accomplished  in 
in  one  of  the  Honeywell  ”>-ft  tiiarneter  vacuum  chambers.  Tests  will  be  for 
helium  leak  rate  on  exposure  to  expfcttvi  environmental  temperatures,  for 
collanl  hoi  !-lim<‘  and  for  warrruip  nntier  simulated  flight  environment.  A 
solar  simulator  is  avaibihlt'  fc>r  thi."  .-erie^  of  tests. 

'I'he  radiort'ete '•  will  i>e  c.hecked,  for  .alignment  hold  aftee  cooldown  and 
will  be  t*'vted  for  alignment  .after  exposure  to  simul.ated  flight  acceleration, 
shock  and  vibration. 

The  program  rdan  is  prerlu  ate-i  up/on  a  svicce.«sfiil  qualification  schedule. 
Fabrication  of  the  four  radiometers  is  phased  in  one-month  intervals. 

Failiire  of  qualification  wall  result  in  the  failed  unit  being  placed  at  the  end 
of  the  delivery  sciierlule.  rework  o’  instruments  in  the  piptdine  after  re¬ 
design  and  designation  of  ttie  second  unit  ,a.«  rpialifi c alion  unit. 

The  maior  problems  iti  design  rd  tins  inslnirnent  are  not  environmental. 
The  flight  environment  is  relatively  benign  and  similar  in.^truments  have 
been  successfully  flown  innicre  severe  environments.  We  do  not  aniiripate 
difficulty  in  qualification  of  the  instrument. 


i^’grformanre  Testing 

The  instrument  will  be  tested  for  function  at  the  point  of  fab'^i cation, 
and  performance  testing  will  he  conducted  at  Minneapolis  in  the  Honeywell 
chamber,  with  a  cross-test  at  the  T'S.AF  Tullahoma  facility. 

Functional  testing  will  consist  of  the  following: 

•  Cooldown  and  alignment  check  in  vacuum 

•  High-amplitude  continuity  check  and  verification  of 
array  operation 
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•  Chopper  operation 

•  I.eak -check  of  cryogenic  sy.'.tein 

•  Spettrai  check  at  high  amplitude. 

e.'Ctended  nource. 

than  10-deg)  radiation  UHing  gomometric  technique,^. 


r,.  1.4  I. ong-'A  avelength  Infrared  (I.WIHI  Test 
Ami  Callin'  dion  Chatnlier  _ _ 

X  ....  .n.i  ;u>.r:.„nn .  I',"’.*!,",.!;!;";’ 

.O  a'.  .  ommoiir...'  r.Hi.oi.i<-1rir  instruments 
o^er'. m  to  2Vn.,cron  ......tml  r..».nn  nn.l  w,.,.-h  .nrlude 

the  following  iwo  primary  pertormanc e  .calur«  . 

•  HNtrernelv  high  sensitivity  tcpiral  of  Hl-lP  operalion 

•  Kxtremelv  high  reiertim  of  stray  radiaMon  outside 
the  normal  field 

..  'ittini-c  the  chamber  will  be  evaluated. 

within  the  chamber. 

--r”  -  'SL^;,s•■r:nVfo  srr„d' 

op^ralton  nnd  str,y-.nd,ution  rctect.on  .n  terms 

of  LWIR  sensors. 

Special  proc  tsions  included  within  the  chamber  which  acrommodate 
the  varioin^  tests  include 

•  Separate  cooled  choppers  for  both  radiation 

(point  and  extendedl  to  distinguish  on-axis  from  oft 
axis  radiation 
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•  Filter  lAheels  and  variable  temperature  t-ourcet-  to  stimulate 
.spectral  resj)onse  of  targets  and  i  ai.  kgrounds 

•  Adjustable  radiation  attenuatoi'  fo*-  wide  dyannnc  range 
rneasii  rernents 

•  Internal  baffling  and  bhu  kbody ty pe  cavity  trajis  to 
attenuate  strav  radiation 

•  Angular  adjustment  of  point  source  with  I’esiiect  to  extended 
sour-  e 

In  idthtion.  the  chamber  <iesign  allows  for  growth  in  terms  of  testing  wide 
field  radioinet‘-r  <  onfi gurations . 

rim  (  hainber  contain  -  tv.o  r  !<iiant  sources  of  \  ariable  leni j>er  iture  (20‘K 
to  100  K)  inf!  ifierture.  cobi.  •.  ariable  freipieiu  y  choppei's,  i’illiT  wheel. 

PUfli  ition  ittemi  itor.  a  prim.irv  e  illimatiiig  mirror,  ;i  relay  mirror  and  an 
exten'led  source  projector  mirror.  One  rafiiant  source  is  a  standard  iilark- 
bodv  wbn  h  provules  the  low  -  level  '-ig>ials  for-  primary  on -axis  calibration  of 
point  and  f'xtentied  .sources.  In  .uhiition.  the  iiiieiisily  of  this  .source  can  be 
increasefl  to  ac  commodate  baffle  .ittemiation  measurements  at  large  angles 
off-axis.  The  second  .source  is  a  imated  button  wnose  radiation  is  projected 
to  an  angular  position  near  the  point  source  and  which  simulates  a  portion  of 
*he  earth's  •'adt  itton.  Tlits  .source  provides  a  way  of  testing  near  field 
altenu.ttion  factors  against  extended  sources 


riie  cli amhef  contains  ts  o  shrouds  .an  i nti  rmerli a1«.‘  shroud  .at  liquid 
nitrogen  temperature  177  KT  md  an  int«  rnal  shroud  at  or  near  liquid  helium 
temperature  M  K  -  20  F\)  The  tiehum  shroufi  is  paintefl  and  Imffh'd  eompletely 
on  the  in.side.  In  addition,  each  radiant  source,  as  well  as  the  collimated 
beam,  is  shiepled  Iiv  specially  designed  conical  traps.  These  inlcrnal  baffles 
anfl  traps  '’('fluce  stray  radinMop  from  scattf  rmg  within  the  chamber. 


r.  4  TASK  PI 

The  program  activities  to  be  arcoinph shed  during  this  program  are  shown 
in  Figure  121. 

Three  pliases  of  activitv  provide  a  comprehensive  approach  to  systems 
ba.scline  management.  Each  phase  will  probide  adequate  definition  to  define 
a  baseline  requirement. 

Program  management  will  define  the  major  tasks  and  subtasks  from  the 
statement  of  work.  These  tasks  and  subtasks  will  he  defined  as  an  entity  in 
the  performance  of  completion  of  a  task;  i.e.  .  a  subcontract  procurement  ir^k 
will  be  a  completed  task  and  a  service  performed  by  a  project  supervisor  will 
he  work  accompli.shed  for  the  specific  service.  (,f^ee  F'igurcs  126  and  127.) 
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6.4  1  System  'I’a.sk 

I  pon  rereifit  of  tunlract,  a  final  tlateni'  i’t  of  work  will  be  negotiated  with 
the  totil  Integrated  Instrument  Sy.stern  ob  lives  and  tasks  defined  to  include 
analyses,  design,  development  fabr-uation  test  and  operational  support. 

Ha.sie  approacbe.'  to  l.se  t-n  jiloved  du'-ing  thi  program  or  serve  as  a  con¬ 
straint  are  .ts  follows: 

•  The  total  sy.'^tern  and  its  eieinents  w  11  be  .analyzed  to  define  all 
r  (pii  rerncrit-.:  arid  inter'.i  ts.  i.e  mission,  svslems  sub¬ 
systems.  components  a.'.d  p.art'-, 

•  Design  in!  ie  .  eloprrent  will  result  in  a  set  of  preliniinar’y  dtdail 
specili  -aiions  tia  detine  :i  siilis vsteri,  or  Cl-I  funclion.  i  onf  1  gii ra * 
tifin  et  .'dope  I  f)  charru  ter  stii  s  an  t  inlerfaio-  di'finition, 

•  resting  .V 1 1 1  be  •,  on  iut  tt‘ 1  tfi  '.  vafv  tba  pe 'a'oriii  a  nee  capabilities 
for  given  nperPi.ng  >  oruiition.s  '.^nalifii  atior,  te.^linp  will  he  ac- 
compl  isiie  i  to  the  extent  net  i- s  s  r,  rv  to  de  ign  proof  the  svsietn 
for  rni-'sion  ipjilt  i  a'lon. 

•  Designs  v,  iH  be  c  or:t  roi  le  d  'r,-  j'lamt.ation  that  specify  m 
mechanical,  electr-ual  'herinal  e*  definitions,  with 
rigorous  cor'rnl  vo  ascerei'n  t.  .at  ,a]]  ma'’ ai aefured  and 'or 
procured  items  ran  be  venfien  bv  qualitv. 

•  Tost  ecpnptncrr  slin'l  be  i dei-jtiat'  to  simulate  and  i  heck  out 
tb.e  ficrt’orm  1”  *  n*'  t  s\-*i  m. 


6.4.2  Design  an  I  Defirition 

I  he  total  intcgr.ited  s',-s*(  rn  ofi,<^jut^  s  radioincic-r .  AHC'S.  auxiliary 
meas'.ir ement  rievices,  [lowcr  sviiiplv  intt  rnal  support  struclurr.  felemetrv 
and  vehicle  fincliiduig  recover’,  systen  i  Detail  sprrjfi  ration  (pari  I)  will  he 
generate]  on  each  o*'  these  sul'svs'cm?  at  completion  of  approximately  three 
montb.s  of  design  an  !  development  analyses.  At  thi.s  time  a  Preliminary  Design 
Review  (PDR)  will  he  conducted  to  present  tlie  recommended  design  approach 
to  the  program.  Customer  approval  of  design  and  dev’clopment  techniques  and 
guidelines  is  the  flirection  to  proc  ede  with  manufacture  of  the  first  unit. 


6.4.2  Manufacturing 


Subsequent  to  PDR.  suheontr art  ars  arc  notified  to  liegin  manufaeture  of 
the  first  unit.  Deta’-  drawings  and  specifications  are  issued  internally  at 
Roneywell  to  begin  fabrication  of  ARCS,  support  structure,  and  AGE 
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equipment.  Manufacturing  of  the  first  unit  will  be  accomplished  to  pre- 
released  drawings  tiiai  are  subject  to  informal  change  control  proceaures 
This  permits  deaign  changes  to  be  made  on  working  master  drawings  with 
all  changes  recorded  and  reviewed  Ijv  cognizant  project  engineer. 

The  fir.st  unit  .  bricated  will  t>e  sulnected  to  limited  qualification  testing. 

To  a.svert'iin  the  integrity  of  the  qualification  unit,  a  critical  design  review 
(CDR)  will  he  held  prior  to  environmental  qualification  testing.  This  will  be 
the  .«erond  design  review  in  which  ARPA/.AIX'HL  personnel  participate  to 
determine  the  .subs y.stem  corniiatihilities  and  the  integrity  of  the  design. 

.At  completion  of  fUK.  all  drawing.s  and  Part  1  .'^pecifi  cations  will  be 
rele  ised.  is  they  tiei  orne  finalized. 

Kfivirnnfnent.ll  te-ting  on  the  fire!  unit  will  be  coiidiuted  at  the  CEl  device 
level  to  the  extent  nci  essarv  to  design  proo''  test  the  configuration.  I’pon 
completion  of  (jualification  testing  both  ,tt  Honeywell  .and  it.^^  suheontr  .ctors, 
the  "t.iiild-to"  fletail  specification  Part  II  will  be  updated  to  reflect  the  quali- 
ficatiof)  model  (fliglp  .unt  number  one)  and  issued  fo*'  accept.ance  test  procedure 
verification . 

Manuf  H  tore  of  ''light  iinit.s  two.  three  and  four  shall  begin  at  reloo-e  of 
documentatiofi  A*  the  cofnplefion  of  manufacture  of  the  second  unit  (iii- 
eluding  subcont racterl  devices)  a  ‘I'Ari”  Review  will  lie  held.  The  second 
flight  unit  configuration  will  be  reviewed  ‘or  compatibility  of  the  hardware  with 
released  irid  forrnallv  control  documentation.  This  review-  will  also  .serve  to 
establish  the  vnliditv  of  the  .acceptanct'  te.stmg  of  hardware  by  direct  coi;i' 
parisoii  of  the  acceptance  test  methods  and  test  performance  parameters  of 
the  .specified  hardware. 


fi .  4 . 4  Testing 

Testing  will  be  accompli  shed  in  accordance  with  a  master  test  plan 
scheihile.  A  preliminary  test  plan  an<i  “schedule  are  shown  in  Figures  128  and 
129,  'With  prnredures  to  be  delineated  by  test  engineers  and  quality  assurance. 
The  overall  test  program  will  consist  of  hreadbrard  testing  as  necessary  for 
the  specific  function;  development  testing  to  define  interfaces  and  envirOd- 
mental  effects  on  performance  limits:  functional  testing  of  a  completed  dev.ee 
prior  to  qualification  testing  or  flight  environment  checks,  minimal  qualification 
testing  as  determined  bv  the  necessity  of  a  proven  design  or  a  state-of-the- 
art  application,  subsystem  acceptance  testing  to  specified  performance  iirrHs; 
sy.stem  integration  testing  at  the  launch  facility. 


2fi5 


UNCLASSIFIED 


BMA  jeCMRO  ANO  OEVEI  OPWENT  TE$TS 
t'«k>,;SWETER 
AtXS 
MJ 

AUX  MEASUREMENT  SYSTEM 

OEVKE  TESTINC  (FUNCTIONAL) 
RAOIOWETER 
ARCS 
T/M 

AUX  MEASUREMENT  SYSTEM 

qualification  TESTING 
RAOtOMETER 
ARCS 

INTERNAL  STRUCTURE 

SUBSYSTEM 

ACCEP.ANCE  TEST 
MINNEAPOLIS 

TwLlAhUwA 

SYSTEM  ACCEPTANCE 

VEHICLE  INTEGRATION 


PRE  LAUNCH  TESTS 


UNCLASSIFIED 


UOIUMETER 


AR(.S 


T/M 


SUPPORT 

STRUCTURE 


Figur-»  129.  Master  Test  Plan 
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fi  .  4 . 5  Flight  Pr  ogram 

I.aunrh  Support  --  Field  service  engineers,  with  systems  engineering  support. 
wi\l  be  provided  at  the  launch  facility  for  each  flight.  This  support  begins  with 
prelaunch  testing  and  follows  through  launch  execution.  The  software  and 
operating  procedures  for  data  handling  and  processing  will  be  developed  and 
available  for  all  launch  activity. 

After  launch,  data  handling  and  analysis  will  be  processed  at  Honeywell, 
Minneapolis,  computer  facility  and  reports  prepared  documenting  each  flight's 
measurement. 

Refurbishment  --  Predicated  on  t'ne  fact  that  eac.h  integrated  instrument  system 
will  be  recovered  from  flight,  the  radiometer,  ARCS,  telemetry,  au.xiliary 
measurement  units,  and  power  supplies  will  be  returned  to  Honeywell, 
Minneapoli.s,  for  re-ncceptance  testing.  Upon  satisfactory  retesting  of  the 
individual  devices,  the  units  will  be  remounted  to  the  support  structure  and 
subjected  to  subsystem  and  systems  test  in  preparation  for  another  Inunch. 


r..5  OPFRATIOX  AND  MAIN'^F.N ANCF  PROCFDURES 

He  leyweli  will  develop  a  set  of  operation  and  maintenance  procedures  for 
this  program.  These  procedures  will  be  based  on  the  results  of  a  maintain¬ 
ability  analysis  along  with  the  applicable  extensive  background  of  experience 
gained  from  similar  programs.  The  procedures  will  contain  but  not  neces¬ 
sarily  iie  limited  to; 

•  .Ass'mibly  and  calibration  to  spec  ial  test  equipment 

•  Detailed  maintenance  techniques 

•  Maintenance  intervals 

•  bpccial  operating  procedures 


R.6  CONFIGURATION  CONTROL 

HoneyweH  ‘■>»'lieves  that  applying  the  principles  of  configuration  manage¬ 
ment  --  a.c  ^escribed  by  DOU,  NASA,  nncl  the  military  serv’ices  --  constitutes 
a  logical  approach  to  sound  management  of  technical  requirements  and  products. 
As  a  result,  a  major  Honeywell  effort  has  produced  an  operating  system  which 
effectively  provides  precise  identification  and  control  of  the  config’’ration  of  a 
product.  Honeywell  has  demonstrated  its  capability  to  manage  configuration 
on  such  NASA.  .Air  Force,  and  Navy  programs  as  Mercury,  Gemini,  Apollo, 
Agcna  D,  Athena  F-111,  Polaris,  MOI. .  and  Mariner  Mars  '69.  During  the 
performance  of  these  contracts,  Honeywell's  configuration  system  has  under-- 
gone  strict  audit  and  review  by  Government  agencies  and  prime  contractors 
and  has  received  outstanding  recommendations  from  both. 
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Honeywell 'j  system  will  meet  all  configuration  management  requirements 
of  this  prop -am.  'I'he  Hones  well  system  fully  proviaes  for  configuration  identi¬ 
fication.  control,  status  accounting,  and  reporting.  The  system  further  pro¬ 
vides  for  verification  that  the  "as-built"  configuration  meets  the  "as-designed" 
configuration  from  initial  de'  nition  of  equipment  throughout  the  life  of  the 
program. 

To  take  advantage  of  the  concepts  set  forth  by  DOD  and  NASA  Honeywell 
has  e.stabli-shed  a  C’onfiguration  Management  System  which  achieves  these  re- 
quirement.s  and  provades  additional  tools  for  sound  management.  The  result 
of  this  work  is  a  system  which  gives  precise  control  of  the  configuration  of 
the  product,  and  makes  the  data  extremely  visible,  accessible,  retrievable, 
and  timely. 

The  Honeywell  sy-stem  is  based  upon  capturing  the  engineering  definition 
only  once,  at  its  soun  e.  Through  the  use  of  an  H-1800  computer,  this  data 
is  made  available  in  the  form  needed  for  baseline  definition,  change  control, 
precise  product  control,  scheduling,  accounting,  and  produce  verification. 

All  identifying  data  is  entered  into  a  data  bank  and  i.s  updated  for  all  changes. 
Thu.s,  the  exact  configuration  of  each  .'penalize  cl  end  item  is  established  and 
maintained.  This  single  source  of  data  is  used  to  prepare  the  engineering 
information  in  the  format  needed  for  each  application. 

All  of  Honeywell '.s  major  .subcontractors  will  be  required  to  meet  the 
configuration  identification  control,  accounting  and  verification  require¬ 
ments  stated.  Those  subcontractors  whose  existing  configuration  manage¬ 
ment  systems  meet  those  requirement.s  will  be  permitterl  to  utilize  their 
own  systems.  Those  subcontractors  who  cannot  meei  the.se  requirements 
will  be  required  to  adopt  tho.se  features  of  Honeywell's  .system  needed  to 
bring  them  into  compliance.  .Although  Honeywell  utilizes  a  computer  for  its 
system,  a  computer  1.*=  not  reauired  to  operate  the  system. 

The  configuration  control  Engineering  Change  Flow-  Diagram  which 
ffoneywell  will  use  for  this  program  is  shown  in  Figure  1.30.  This  control 
process  was  used  with  success  in  the  Mariner  Mars  '60  program  and  is  typical 
of  others  used  at  Honeywell.  This  process  can  be  adjusted  to  meet  special 
customer  requirements. 


6.7  COST  ESTIMATE 

Two  cost  estimates  have  been  prepared,  one  for  the  baseline  ten-probe 
experimen*  and  one  for  the  mi.''imu»a  three -probe  experiment.  As  noted 
above  government  costs  for  test,  mating  with  vehicle,  and  flight  support 
are  not  included  in  these  estimates. 
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6.7.1  Ten-Flight  Program 

The  proposed  budgetary  costs  assume  a  ten-flight  probe  program  using  the 
Black  Brant  VB  rocket.  The  costs  of  this  rocket  are  also  estimated  below  for 
information  purpose.s,  rocket  is  assumed  to  be  GFE.  The  costs  below  include 
four  (4)  integrated  instr  n.  't  systems  (assuming  payload  recovery  and  re-use) 
contractor  launch  suppoi  .  ar  preliminary  postflight  data  reduction. 


Integrated  Instrume.at  System  (four) 
Launch  Support 
Total  LB?! 

Gi  A  520.  7 ^ 

Total  Cost 
Fee  5  7'^ 

CF^FF 


t  4,154.000 
158,000 
4,312.000 
893,000 
5,205,000 
364 , 000 
»  5,569,000 


The  ten  launch  vehicles  suppliec!  by  the  Government  (ten 
boosted  Black  Brant  VB  rocket.s  plus  development  of  a 
Nike  booster)  have  an  e.stimatcd  value  of  a  qqq 


The  LBM  breakdown  of  the  contractor  effort  to  subsystem  level  is  as 
follows: 


Spectral  Radiometer  t 

1 , 575,000 

.Attitude  Reference  and  C  ontrol  System 

1  .  12  7. 000 

Ellectrioal  and  Flower  System 

83. 000 

Structure 

225.000 

Telemetry  and  Tracking  Sy.ctem 

348.  000 

Recovery  System 

60.000 

System  Design 

100.000 

Testing 

500,000 

Launch  Support 

158.000 

Data  Processing 

136.000 

"T" 

4.. 312, 000 
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6.7.2  Three- Flight  Program 

The  proposed  costs  assume  a  three-flight  program  using  the  Black  Brant 
VB  rocket.  The  costs  below  include  two  integrated  instrument  systems,  and 
one  refurbishment,  launch  support  and  preliminary  f>ostflight  data  reduction; 


Integrated  Instrument  (2) 

t  1,584.500 

Launch  Support 

47,400 

Total  LHM 

1  631.900 

G4A  ^20. 

326,380 

Total  Cost 

1, 958,280 

F'ee  at  li 

137.060 

CPFF 

$  2,095.340 

The  three  launch  vehicles  are  to  be  supplied  by  the  government  at  a  unit 
cost  of  $42,000.  resulting  in  a  total  co.st  for  launch  vehicles  of  $  126,000. 

The  LBM  breakdown  of  the  contractor  effort  to  .subsystem  level  is  as 
follows: 


Spectral  Radiometer 

600,000 

Attitude  Control  System 

250.000 

Electrical  and  Power  System 

4  .600 

Structure 

112.500 

Telemetrv  and  Tracking  System 

1 74 , 000 

Recovery  System 

18.000 

System  Design 

50,000 

Testing 

150,000 

Launch  Support 

47,400 

Data  Processing 

58.400 
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